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ABSTRACT
Pyridyllithium reagents were employed in the synthesis 
of 6-substituted bis (2-pyridyl) ketones and 
6,6'-disubstituted 2,2'-dipyridines. The resulting 
compounds were used in the attempted preparation of 
pyridine analogues of simple corrins.
Coronands were generated from 2,2-bis (61-bromo-21 - 
pyridyl)-1,3-dioxolane. Hydrolysis of the protecting 
dioxolane gave the corresponding ketone coronands, which 
could be reduced to macrocyclic carbinols with sodium 
borohydride. Although these compounds would not complex 
transition metal ions, several were observed to sequester 
neutral molecules. In particular, the hexaethylene glycol 
ketone coronand was proven by X-ray diffraction methods to 
encircle a molecule of water.
Electron-poor aromatic ketones were discovered to 
decarbonylate under mild, basic conditions. The mechanism 
of this reaction was proposed to be analogous to that of 
the benzilic acid rearrangement. Coronands of 
2,2'-dipyridine could be formed by the decarbonylation of 
the corresponding ketone macrocycles.
Attempts to prepare pyridyl ketone and ketal coronands 
that possess a methylene unit between the heteroaromatic
xx
ring and the glycol bridge were thwarted by the photosen­
sitivity of the parent b i s (6-methyl-2-pyridyl) ketone. 
Efforts to functicnalize the methyl groups of the 
dioxolane-protected ketone by free radical halogenation 
produced a plethora of virtually inseparable haloketones 
and ketals.
2,2-Bis (21-pyridyl)- and 2,2-bis (61-methyl-2-pyridyl)-
1,3-dioxolane were observed to be excellent ligands for 
transition metal ions. X-ray analysis showed the chelation 
of the metal to occur primarily through the pyridine 
nitrogens, with a moderate interaction to one of the 
dioxolane oxygens. In the octahedral Ni(II) complex of the 
methylpyridyl ketal, the ligand was bound to the metal in a 
tridentate fashion.
Coronands were formed from 6,6*-bis[2"~ (6"-bromo-2"- 
pyridyl)-l",3"-dioxolan-2"-yl]-2,2'-dipyridine and subse­
quently hydrolyzed to the diketone coronands. The diketal 
coronand of b i s (2-mercaptoethyl) ether formed complexes 
with transition metals.
INTRODUCTION
Cosmologists can trace the history of the Universe
-43 1back to a time just 10 seconds after the Big Bang,
when gravity separated from the single pervasive force. As 
the Universe expanded and cooled, the other forces separ­
ated one by one, until there were four: gravity, the weak 
nuclear force, electromagnetism, and the strong nuclear 
force. Under the influence of these forces, the hydrogen 
and helium atoms that had come into being some three 
minutes after the Big Bang slowly organized into galaxies 
of stars; the Universe was approximately two billion years 
old by that time.
The evolution of individual stars led to the formation 
of elements from lithium to iron by fusion reactions deep 
in the stellar cores. But the presence of iron marked a 
turning point for a star: the fusion of iron nuclei is 
endothermic. Moments after this process began, the radiant 
energy that had been available to balance the inexorable 
force of gravity was gone, and the star collapsed. But 
that collapse was also a source of energy, one that so 
heated the superdense stellar material that it exploded as 
a supernova. In the course of the cataclysm were,created 
the elements beyond iron, and all of this stellar debris
xxii
was hurled into the Universe. The exact time of that first 
supernova is not known, but it must mark the beginning of 
Chemistry: when the elements were spewed out of an environ­
ment dominated by nuclear reactions and into one where 
chemical reactions could occur.
Some fifteen billion years^ after the Big Bang, 
Chemistry was joined by chemists, and reminiscent of the 
divergence of the physical forces, Chemistry diverged into 
four basic divisions. This separation was occasioned by 
the amount of information that was being uncovered and the 
inherent tendency of the human mind to categorize every­
thing. But that compartmentalization of Chemistry was 
artificial. As underlying principles were revealed, the 
disciplines began to converge once again.
This dissertation reflects that convergence. Metals, 
formerly the province of inorganic chemistry, play a 
pivotal role in the formation and reactions of virtually 
all of the organic compounds described herein. Many
naturally occurring macrocycles are able to complex metal
2-4ions and charged molecules selectively , and to permit 
their transport across lipid membranes. The ultimate goal 
of this research has been the preparation of heteromacro­
cycles that would mimic that complexation property.
5 6The xanthoporphyrinogens (1) and corrins (2) are
examples of naturally occurring chelating agents. Both of
xxiii
the molecules are composed of nitrogen heterocycles 
(pyrroles), most of which are separated by trigonal carbon 
atoms: by a carbonyl group in 1. and by a methine unit in 2. 




Consideration of these various.features led to the 
design of J3. In order to make the best use of the 
pyridines that were chosen as the nitrogen heterocycle, the
3
basic corrin framework was selected. Its direct linkage of 
rings would have engendered a 2,2'-dipyridine group, the
7chelation ability of which was well-established.
Separation of the rings by carbonyl groups, as in _1, 
offered considerable synthetic advantage: formation of
xxiv
carbon-carbon bonds would be facilitated and a wide range 
of transformations would be available for further modifi­
cation of the molecular structure. Furthermore, only two
Synthetic routes devised to prepare _3 necessitate 
numerous compounds that are not commercially available. 
Preparation of b i s (6-bromo-2-pyridyl) ketone (£) and its 
ketal (.5), and of various 6,61-disubstituted-2,2'-dipyr- 
idines (6̂) is the topic of the initial portion of Chapter 
1. Thereafter are described the attempts to synthesize _3 
and a related compound, 1_.
Chapter 2 details the syntheses of coronands from 5̂ 
and several polyethylene glycols. The ketal coronands £ 
were hydrolyzed to afford the corresponding ketones, £, 
which in turn could be reduced with NaBH^ to give the 
carbinol macrocycles, 10.







Attempts to prepare 9_ directly uncovered a useful 
reaction of electron-poor ketones: facile decarbonylation 
under mild, basic conditions. Experiments to determine the 
scope of this reaction are described in Chapter 3.
Interest in coronands that possess a methylene unit 
between the glycol bridge and the heteroaromatic ring 
prompted efforts to synthesize 1_1 and JL2. Chapter 4 
recounts the preparation of 1_3 and 1_4 and the struggle to 
halogenate them.
12
13 Me MeMe Me
xxvi
Chapter 5 describes the complexation of several 
transition metals by 14_ and _15. X-ray analysis and 
NMR studies provide structural evidence and indicate that 
these compounds can behave as tridentate ligands in which 
one of the ketal oxygens can bind the metal.
Chapter 6 relates the opportunistic use of 1_6 to make 
coronands and transition metal complexes.
II
The various chapters are arranged more or less in the 
form of papers to the Journal of the American Chemical 
Society. Each begins with a brief introduction, followed 
by the results and discussion, and the experimental sec­
tion. Wherever possible, a general experimental procedure 
has been given and the data from individual experiments 
tabulated. The numbering of compounds, tables, figures, 
and schemes begins anew for each chapter. The references 
are numbered consecutively throughout the dissertation.
A few words are in order with respect to nomenclature.
Weber and Vflgtle10 have proposed that the term "crown
ether" be reserved for cyclic oligoethers that contain only
oxygen atoms as donors. They suggest the term "coronand"
xxvii
to refer to crown-type compounds in which donor atoms other 




Attempted Preparation of Macrocyclic 
Pyridyl Polyketones
INTRODUCTION.
Like many biologically active substances,*'*' vitamin 
is composed of a metal ion chelated by a complex 
organic ligand.^ Stripped of ancillary substituents, the 
portion of the molecule primarily responsible for 
coordination of the cobalt (III) consists of four nitrogen
2
heterocycles connected in a larger cyclic array. Two of 
the rings are bonded directly together; the others are 
separated by a trigonal carbon atom. It is the direct 
linkage between one set of rings (the absence of a methine 
group) that distinguishes the corrin skeleton (1_) from the 
porphyrin skeleton (20.**
1
12In 1978, Newkome and coworkers reported the 
synthesis of 3̂, a molecule which displays some of the 
characteristic structural features of the porphyrins. Its
1
three heterocyclic (2,6-pyridino) rings were separated from 
one another by trigonal carbon atoma, which in this case 
were part of a carbonyl group, and consequently the central 
cavity was electron rich. These authors were interested in 
the preparation of ion-specific chelating agents and 
modelled their compounds after biological systems that 
exhibit high metal ion selectivity.
To date, no result of complexation studies on 3̂ has 
been forthcoming.
13If the corrin framework, rather than that of a 
porphyrin, serves as the basis for a 2,6-pyridino 
macrocycle, one advantage is immediately obvious: the model 
compound would possess a 2,21-dipyridino moiety,
7well-known as a bidentate ligand. Inspection of a CPK 
molecular model of _4 indicates that it will probably not be 
planar, but the high electron density in the vicinity of 
the cavity should enhance its chelating abilities.
Attempts to prepare triketone _4 were based on the 
routes outlined in Scheme I. The initial method devised 
was analogous to that employed in the synthesis of 3^ 
Dilithiation of bis-ketal at low (-90°C) temperature and 
subsequent reaction with ethyl chloroformate were envis­
ioned to produce which could be hydrolyzed to the 
desired triketone, 4^ An alternative pathway that depended 
upon the generation of 8̂ was also considered, but that 
procedure was temporarily rejected because the decomposi­
tion of £  under the obligate reaction conditions was 
reported.1  ̂ Both routes required the assembly of four 
pyridine rings, the ultimate source of which was either 
2,6-dibromopyridine (JU) or 2-amino-6-methyl-pyridine (12).
RESULTS AND DISCUSSION.
Fabrication of 5_, the four-ring precursor to £, was 
accomplished by two three-stage processes (Scheme II). In 









2,21-dipyridine, which in the second stage reacted with two 
identical single-ring units. Protection of the carbonyls 
in the third stage afforded _5.
The inherent framework of corrin 1 is derived from 
that of porphyrin 2 by excision of a methine group, and 
similarly the structure of 3̂ 0 can be considered to arise 
from that of 4 after removal of a carbonyl. Because CPK
molecular models indicate that 1_0 should be planar, albeit 
crowded, its preparation was desirable. The synthesis 
planned for JU) was analogous to that devised for
Scheme III
reaction of 6,6'-dilithio-2,21-dipyridine (15) with ethyl 
15chloroformate. Limited success with that route 
necessitated the design of other synthetic pathways, all 
based on the two-site interaction of variously substituted 
2,2'-dipyridines (Scheme III).
Scheme IV illustrates the transformation of and 12_ 
into the numerous synthons required for the construction of 
macrocyclic pyridyl ketones 4̂ and 10.
The entire upper portion of the scheme pivots on the
formation of 6-bromo-2-pyridyllithium (13) , that is, upon
the monolithiation of ]JL* Formation of the dilithiopyr-
idine at this point would thwart sequential displacement of
the bromines, which is the basis for the entire synthetic
strategy. As reported by Newkome and Roper, dilithia-
tion of ĵ l or 2,6-diiodopyridine can be effected in THF but
not in Et20. Thus, treatment of a solution of in
anhydrous Et 2 0  with one equivalent of n-butyllithium
(buLi) gives only _13, provided that the temperature is
17maintained below -50°C. Failure to observe this rather 
stringent condition results in the formation of butylated 
products.
Oxidative coupling of L3 according to the method of
17Park, Wagner, and Holm afforded (53%) 6 , 6 1-dibromo- 
2, 2 '-dipyridine (JLjO • What these authors do not mention is 
that much of the desired compound is complexed with 
residual copper (II). Unless this green complex is decom­
posed, the isolated yield of 1_4 is abysmal.
The 1H NMR spectrum of _14 exhibits resonances at 
6 7.50. 7.67, and 8.38 for H-5, -4 and -3, respectively.
The first and third signals are doublets, the second a 
doublet of doublets. That 1A exists primarily in the anti 
conformation in solution at 25°C is apparent from the
Scheme IV M .
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downfield shift of H-3, which is subjected to the diamag-
18netic anisotropy of the adjacent N-electrons.
Dilithiation of _14 by buLi occurs smoothly in THF
solution at -90°C to give 6,61-dilithio-2,21-dipyridine 
15 17(15). ' However, temperatures below -80°C are
necessary to prevent butylation. Although the mixture
quickly assumes a dark red color, substantial formation of
15 requires approximately four hours.
Preparation of methyl 6-bromo-2-picolinate (17) was
effected by carboxylation of 3̂. and subsequent acid-
catalyzed esterification of _16. Because lithiation of
chloropyridines occurs extremely slowly or not at a l l , ^
anhydrous HBr was employed as the catalyst to forestall the
possibility of halogen exchange.
2-Bromo-6-methylpyridine (18) was provided (91%) by
19bromination of the diazonium salt formed from 12.
Freshly distilled JJ3 was almost colorless, but darkened 
quickly to deep yellow on exposure to air and light. The 
1H NMR spectrum of 1J3 consisted of four signals: a 
singlet at 62.50 for the methyl group, doublets at 67.09 
and 7.25 for H-5 and H-3, respectively, and a triplet at 
67.42 for H-4.
In addition to 1̂ 8, this reaction also produced (4%)
2,5-dibromo-6-methylpyridine (19) . A colorless solid that 
codistilled with lj), 3̂ 9 would slowly crystallize from the
10
solution. Its NMR spectrum reflected the presence of 
an additional bromine on the pyridine ring. Not only had 
the resonance for H-5 disappeared, but the signals for the 
methyl group and H-4 had shifted downfield: 6 2.62, and 
7.65, respectively. The doublet for H-3 moved slightly 
upfield, to 67.18.
Palladium-induced coupling of 1_8 in the presence of 
sodium formate and a phase transfer catalyst produced (50%) 
6,6'-dimethyl-2,2'-dipyridine (20) . When the reaction was 
conducted in a stainless steel (316 SS) rather than a glass 
reactor, only 20_ was obtained. Otherwise, almost unavoid­
able contamination by 19_ would produce a small amount of 
the mixed product, 2_1. Compound 2J3 was characterized 
principally by means of its spectral data. The doublet at 
68.19 in the "''H NMR spectrum, attributed to H-3, was 
diagnostic for a 2,2-dipyridine. The most intense peak in
20 21
the mass spectrum corresponded to the molecular ion (m/e 
184) .
6,61-Dicyano-2,2-dipyridine (22) was prepared (71%)
20from _1£ by reaction with CuCN in pyridine. Subsequent 
addition of KCN was necessary to decompose the resulting 
copper complex. Initial separation of the product from the 
remaining cyanide salts was effected by sublimation. 
Unfortunately, the white solid recovered was far from pure:
N C 'VN  N CN Br ^ N ^ C N
22 13
it was contaminated with 3̂ 4 and 6-bromo-6 1-cyano-2,2 '-di­
pyridine (2_3) . Only thick layer chromatography, made 
difficult by the insolubility of all three compounds, was 
a successful method of purification.
The NMR spectrum of 22 was similar in appearance 
to that of _1_4, but the peaks were shifted considerably 
downfield by the presence of the strongly electron- 
withdrawing cyano groups. For example, the doublet that 
represented H-3 occurred-at 6 8.73. The spectrum of 13 
exhibited two overlapping but distinct sets of aromatic 
signals: one set for the cyano-substituted ring and one for 
the bromo-substituted ring. The IR spectra of both com-
12
pounds showed weak absorptions at approximately 2210cm ^, 
diagnostic for cyano-substitution.
2,2'-Dipyridine-6,6'-dicarboxylic acid (24) was 
prepared by two methods, neither of which was particularly 
efficient. Direct carboxylation of Ij5 gave (23%) 24_ in one 
day, but depended upon a source of 2,6-dibromopyridine,
which was occasionally scarce and always expensive.
21Oxidation of 20̂  with aqueous KMnO^ was more produc­
tive (47%) , but the reaction was not complete even after 
two weeks. Part of the difficulty lay in the tendency of 
20 to sublime out of the reaction vessel. This problem was 
overcome in part by addition of benzene to the mixture: the 
refluxing hydrocarbon served to wash the substrate back 
into the permanganate solution.
Diacid 24̂  was not characterized. It was filtered, 
dried, and esterified with either MeOH or EtOH. Both the 
methyl and ethyl esters (25a and 25b, respectively) were 
relatively insoluble, crystalline solids. Their NMR 
spectra displayed a signal for H-3 at approximately 6 3.77, 
indicative of the anti conformation of the pyridine rings.
Also obtained from each of these esterifications was 
the corresponding diester of 2,6-pyridinedicarboxylic acid 
[26a, R=Me (3%); 26b, R=Et (6%)], as evidenced by their 
1H NMR and MS data.
13




A second method of preparation of 25b involved 
33 34ethanolysis of 2_2 ' but offered no real advantages. 
Twelve days at reflux were required to produce (74%) the 
diester.
Reaction of 13̂  with ethyl chloroformate at -90°C gave 
bis (6-bromo-2-pyridyl) ketone (27). , 17 Although the
maximum yield (53%) of ketone provided by this procedure 
was quite respectable, the efficiency varied widely over 
the course of many reactions. Formation of 2_7 was enhanced 
when the temperature was lowered from -70 to -90°C, when 
there was a slight excess of 1_1 as compared to buLi, and 
when the ethyl chloroformate was diluted with THF prior to 
introduction. The influence of these factors pointed to
27
nucleophilic attack on the nascent ketone as a prime cause 
for diminished yields of 27.
Because of the obvious reactivity of 21_ with respect
to nucleophilic addition to the carbonyl, protection of
this moiety was a prerequisite for lithiation. Base-
catalyzed ketalization of 2_7 by 2-bromo- or 2-chloroethanol 
22was reported to be the only way to form the desired
spiroketal (_2_8) . The two reagents did indeed provide (85%
and 48%, respectively) 2_8, but isolation of the ketal from
,the highly toxic haloalcohols was a laborious affair,
culminating in thick layer chromatography. An improved
preparation was sought.
Treatment of 21_ with freshly distilled ethylene glycol
and a catalytic amount of concentrated I^SO^ in
refluxing dry toluene affords (98%) 2_8 after five 
23 24days. ' The ketal can be purified by
recrystallization from a mixture of EtOH and CHCl^ and is 
easily identified by the singlet at 64.14 in the NMR 
spectrum.
As illustrated in Scheme II, preparation of diketone 
29 was attempted by two pathways. In Method A, ester VL was 
added to what was then considered to be a solution of 1_5 in 
THF. The mixture was stirred at -90°C for thirty minutes, 
then quenched, ̂ ^  to afford (4%) 2j) and unchanged 
starting materials. Recovery of JL4̂  indicated the woeful 
inadequacy of the lithiation step.
In the second pathway, diester 2j5 was added to a 
solution of 1_3 in Et20. Primarily because of the 
relative solubilities of and 1_4 in ether, intermediate 
13 was far easier to generate than was 1_5. Furthermore, 
the time required for the lithiation step was greatly 
diminished (one metal-halogen exchange rather than two), 
and the temperature could be maintained at -70°C (Dry 
Ice/acetone) instead of -90°C (liquid ^/petroleum 
ether). Despite the improvements in the reaction 
conditions, high yields of 2_9 were not immediately 
forthcoming.
Method B involved a two-hour stirring period at -70°C 
before the reaction was quenched. In Method C, the dark 
orange-red solution was stirred at -70°C for three hours 
after addition of the diester, and the temperature was 
allowed to rise to -55°C before the reaction was quenched. 
The respective yields of 2_9 for Methods B and C were 2% and 
12%. Diester 25a was recovered unchanged from these 
reactions, but 1_1 was not.
Esters are generally considered to be more reactive
toward nucleophilic substitution than are nitriles. Yet
17Holm and coworkers claim to have prepared (31%) 
diketone 2J9 by treatment of 1_3 with a solution of 22! in 
Et20. They stir the "deep purple solution" at -70°C for
16
• iQ l ♦i'N^Sr
ninety minutes, allow the temperature to rise to -30°C, 
then quench the reaction. These claims are extremely 
difficult to reconcile with the results of Methods B and C, 
especially in view of the susceptibility of pyridyl ketones 
to further attack by the reagents at temperatures above 
-70 °C.
When a solution of diester 25b was added to 1_3 and the 
dark orange-red slurry was allowed to stir for twenty hours 
at -70°C, warmed to -55°C, then quenched (Method D), the 
yield of diketone 2_9 was still only 40%. Not until the 
orange-red slurry was stirred at -70°C for forty-eight 
hours (Method E) was a decent (78%) yield of 2j) realized.
The most important information wrung from this series 
of experiments was that although formation of the pyridyl- 
lithium species is complete within several hours, reaction 
with the electrophile may require days. This was not a 
particularly encouraging thought, particularly since even
more stringent conditions (-90°C) would be required for the 
lithiation of J5.
Diketone 29_ was identified on the basis of its spec­
tral properties. Although complicated, its first-order 
NMR spectrum approximated the superposition of spectra 
of 14_ and 2_7. The MS data were dominated by three peaks at 
m/e 526, 524, and 522, corresponding to the isotopically 
different molecular ions. This interpretation was corrobo­
rated by the ratio of the relative intensities of these 
peaks, 29:69:30.
Also isolated (7%) from the reaction of Method D was 
the tribromo ketone, 3_1 • The region between 6 7.66 and 8.70 
in the NMR spectrum of this compound was undecipher­
able, but the limits of the pattern were similar to those 
of 29̂ . Moreover, the mass spectrum exhibited peaks at m/e
606, corresponding to the molecular ion isotopically
81substituted with three Br atoms.
Traces of unsymmetrical diketone 32 , a white powder, 
were observed among the products of Method D. The "̂ H NMR 
spectrum of 32 exhibited resonances for the thirteen 
different aromatic protons. The most informative signals 
were a doublet of doublets of doublets at 6 7.53, assigned
32
to H-12, and a doublet of doublets at 68.80, assigned to 
H-13 each integrated for one proton. The mass spectrum of 
32 contained two peaks of approximately equal intensity at 
m/e 446 and 444, appropriate values for the molecular ion.
Acid-catalyzed ketalization of diketone 2J9 with 
freshly distilled ethylene glycol in toluene afforded (94%) 
colorless, massive crystals of the corresponding diketal 
(5j . A symmetrical multiplet at 64.20 in the NMR 
spectrum and the disappearance of the carbonyl stretching 
frequency from the IR spectrum confirmed the transforma­
tion.
An X-ray structure analysis of 5 indicated that the 
molecule lies on a center of symmetry in the crystal. As 
expected, the dipyridine portion of the molecule is anti
(Figure I). The pyridines flanking each of the puckered 
dioxolane rings also make an anti pair. More specifically,
Figure I. ORTEP Stereopair of 5^
the heterocycles are disposed such that each nitrogen is
anti to one of the dioxolane oxygens. Bond distances and 
angles are compiled in Table I, and nonhydrogen atom 
coordinates are listed in Table II. This conformation did 
not bode well for the synthesis of 4_.
In accordance with Route A in Scheme I, 5 was dilithi-
ated in THF at -90°C to give dilithiodiketal 33_. Reaction
of ^3 with ethyl chloroformate for forty-eight hours 
afforded (47%) diketal 30. None of the much-desired 6 was
20
isolated. Appearance of the molecular ion (m/e 454) in the 
mass spectrum, and H-6 signals that integrated for two
30
hydrogens in the "''H NMR spectrum confirmed the structure 
assignment of 30.
Although Route A was not successful with regard to the 
ultimate preparation of the isolation of 3_0 proved that 
pyridyl ketals could survive lithiation if the temperature 
were sufficiently low. Unfortunately, the requisite 
temperature seemed to preclude the necessary reaction.
Dilithiation of 2jS in THF at -90°C and subsequent 
addition of 25a in THF solution generated a dark red 
solution, which was then permitted to warm to -70°C (Route 
B). The red solution was stirred at that temperature for 
forty-eight hours, to no avail. Other than unchanged 
diester (25a), the only products obtained from the reaction 
were 2,2-b i s (2'-pyridyl)-1,3-dioxolane (35), and the 2:1 
compounds 36̂ . The IR spectra of 36a and b displayed a 
carbonyl stretching frequency at approximately 1680cm * 
that is characteristic of pyridyl ketones. The NMR
spectrum exhibited signals at 64.18, typical for the ketal 
methylenes, that integrated for eight protons. Only
two signals could be identified among the jumble of peaks
that constituted the aromatic region. At approximately
67.18, H-51 appeared as a doublet of doublets of doublets
for 36a and as a multiplet for 36b; at 6 8.58, H-6' appeared
as a doublet of doublets for both compounds.
The reactions of Scheme III proved to be no less
frustrating than those designed to generate triketone _4.
No cyclized products were isolated. Because the
experiments to prepare 4_ and 3̂ 0 were run concurrently, the
same mistakes are evident.
Treatment of _15 with ethyl chloroformate has been 
15purported to yield JH) (8%) and its oligomers. When 
that reaction was repeated, only unchanged 14_ and ketone 3J7
were obtained. The IR spectrum of 3_7 shows a carbonyl band
-1 1 at 1684cm ; only aromatic protons appear in the H NMR
35
M  a, X=Br 
b, X=H
22
spectrum, as an unresolved multiplet (67.5-8.7). The outer 
limits of the pattern are suggestive of an H-6, and the 
complexity of the pattern requires an unsymmetrical mole­
cule .
Reaction of _15> with the dicyano compound 22̂  for three 
hours at -90°C returned primarily (85%) unchanged 2_2. Of 
the several small components evident after chromatography,
39 M
only two were identified: 2,21-dipyridine (3j), 46%) and 
6-butyl-2,21-dipyridine (38, 36%). The NMR signals 
for the butyl group were well resolved and unmistakable.
This component probably arose during the warm-up period, 
during which the temperature was allowed to rise to -60°C.
Compound _23 was acquired from the incomplete reaction 
of _1£ with CuCN. When 1_4 was treated with buLi, either at 
-90°C for two hours with a subsequent warm-up period or at 




addition to unchanged 23^ the reactions produced open-chain 
ketones, some of which were butylated.
Because esters Z5 reacted well with to give dike­
tone 29, an analogous reaction on 25b was performed with 
15. The dark red solution was stirred at -90°C for one 
hour, then at -70°C for four days. Aside from unchanged 
starting compounds, the only other component isolated (46%) 
was £3. The IR spectrum of JL3 sported two carbonyl bands,
which could be assigned to ketone (1681cm and ester 
(1739cm ■*") functions. The structural assignment was 
based also upon the NMR spectrum, which clearly 
displayed two ethyl groups in a symmetrical molecule.
EXPERIMENTAL
General Comments. Uncorrected melting point data were 
obtained from samples in capillary tubes with a Thomas- 
Hoover Unimelt apparatus. Infrared (IR) spectra were 
recorded with a Perkin-Elmer 621 Grating Spectrophotometer. 
■*"H NMR spectra were measured with a Bruker WP-200 
Spectrometer; unless otherwise noted, the CDCl^ solutions 
contained Me^Si as an internal standard (6=0ppm).
Mass spectral. (MS) data were obtained by Mr. D. A. 
Patterson on a Hewlett-Packard Model 5985 GC/MS Spectro­
meter and are recorded herein as (assignment, relative 
intensity). Elemental analyses were performed in these 
laboratories by Mr. R. L. Seab. Most of the X-ray struc­
tural analyses were performed by Dr. Frank R. Fronczek from
data collected with an Enraf-Nonius CAD4 automatic di.ffrac-
25tometer. Data reduction employed the programs MULTAN,
2 6SHELX, and the Enraf-Nonius Structure Determination 
Package on IBM 3033 and Digital PDP 11/34 computers.
Terry J. Delord was responsible for the data on the 
hexaethylene glycol ketone coronand, and Giacomo Chiari 
solved the mystery of b i s (4-nitrophenyl) ketone.
The recorded R^ values were determined by a standard 
thin-layer chromatography (TLC) procedure: elution of 
Baker-flex Silica-Gel IB2-F flexible sheets (7.5x2.5cm). 
Preparative thick-layer chromatography (ThLC) was performed
on 20x40cm glass plates coated with a 2mm layer of 
Brinkmann Silica Gel P/UV-254-366 and activated at 115°C 
for a minimum of four hours before use.
Benzene, toluene, xylene, tetrahydrofuran (THF), MeOH, 
CH2C12 (DCM), CHC13 , CgH12, EtOAc, and petroleum 
ether were distilled under a N2 atmosphere. Absolute 
EtOH, absolute Et20, absolute MeOH, and CH^CN were 
stored under argon. With the exception of Et20, solvents 
described as anhydrous were distilled from LiAlH^ or 
Na°/benzophenone immediately before use.
176-Bromo-2-pyridyllithium (13) . A General Method.
A mechanically stirred solution of 2,6-dibromopyridine 
(24.Og, lOlmmol) in anhydrous Et20 (300mL) was cooled to 
-70°C (Dry Ice/acetone) under an argon atmosphere. To this 
was added n-butyllithium (buLi, 40mL, lOOmmol; 2.5M in 
hexane) at such a rate that the temperature did not exceed 
-65°C. The clear, golden yellow solution was then stirred 
at -70°C for 2.5 hours prior to addition of the electro- 
phile. In all further experiments, the amounts of 13 
listed refer to the starting dibromopyridine.
6,61-Dibromo-2,21-dipyridine (14) . To an Et20 
solution of L3 (24.Og, lOlmmol) was slowly added anhydrous 
CuCl2 (4.02g, 30mmol); the brown suspension was stirred 
at -70°C for 2 hours. A blast shield was placed in front 
of the reaction vessel and dry 02 was bubbled vigorously 
through the mixture for 1 hour, until the color changed to 
a dull green. CAUTION: This is a potentially explosive 
mixture of ether vapor and oxygen! Proceed with extreme 
care! The flask was flushed with dry N 2 for ten minutes, 
after which the reaction was quenched. The organic solvent 
was removed in vacuo, 6M HC1 (300mL) was added, and the 
aqeuous slurry was extracted with warm CHCl^ (5xl00mL).
The organic extract was then washed with 6M HC1 (lOOmL 
portions) until the acid layer acquired no green color.
The dried CHCl^ solution was filtered hot through two
layers of filter paper (to remove traces of metallic 
copper) and concentrated in vacuo. The resulting beige 
solid was triturated with ice-cold MeOH and recrystallized 
from EtOH/CHCl^ to afford 6,6'-dibromo-2,2'-dipyridine, 
as colorless needles: 8.43g (53%); mp 222-223°C (lit.^ 
mp 221-223°C); Rf=0.70; 1H NMR 67.50 (d, 5-pyH,
J=7.9Hz, 2H), 7.67 (dd, 4-pyH, J=7.9, 7.9Hz,2H), 8.38 (d,
3-pyH, J=7.9Hz, 2H).
6,6'-Dilithio-2,2'-dipyridine (15).^ A General 
Method. A suspension of 6,6'-dibromo-2,21-dipyridine 
(6.0g, 19mmol) in anhydrous THF (200mL) was cooled to 
-100°C (liquid N2/petroleum ether) under an argon atmos­
phere. To this slurry, buLi (23 mL, 57mmol; 2.5M in 
hexane) was added dropwise at such a rate that the tempera­
ture did not exceed -80°C. The dark red solution so formed 
was stirred at -90°C for 4 hours prior to addition of the 
electrophile. As above, the amounts of _15 listed hereafter 
refer to the starting dibromodipyridine.
Organometallic Reactions. A General Procedure. After 
addition of the electrophile to the pyridyllithium species, 
the solution was stirred at low temperature (-70 or -90°C). 
The reaction was then quenched by sequential introduction 
of MeOH (40mL) and 3M HC1 (lOmL), and the organic solvent 
was removed in vacuo. The aqueous residue was neutralized 
with 10% aqueous N a ^ O ^  and extracted with CHCl^; the
combined organic extracts were dried over MgSO^ and
concentrated in vacuo.
6-Bromo-2-picolinic Acid (16) . An Et20
solution of 1_3 was poured rapidly into an efficiently
stirred excess of crushed Dry Ice. Upon sublimation of the
Dry Ice, water (300mL) was added and the mixture was
treated according to the general procedure. The beige
solid that resulted was recrystallized from benzene: 11.60g
(57%); mp 194.5-196°C (lit.27 mp 192-194°C); Rf=0.01.
Methyl 6-Bromo-2-picolinate (17). A slurry of
6-bromo-2-picolinic acid (11.60g, 57mmol) in dry MeOH
(300mL) was saturated with anhydrous HBr, then refluxed for
48 hours. After the cooled solvent was removed in vacuo,
the residue was suspended in 10% aqueous Na2C03 and
extracted with CHCl^ (4x50mL). Concentration of the
combined dried organic extracts gave 1_7, as a white solid:
0 ft12.18g (99%); mp 91.5-92.5°C (lit. mp 94-95°C);
Rf=0.76; ^  NMR 63.98 (s, CH3 , 3H), 7.68 (m, 3,5-pyH,
2H), 7.09 (m, 4-pyH, 1H); IR (KBr) 1740 (CO), 1579cm"1.
192-Bromo-6-methylpyridine (18) . Bromine (425mL,
1326g, 8.3mol) was added dropwise over 2 hours to a solu­
tion 2-amino-6-methylpyridine (324g, 3.0mol) in 48% HBr 
(1300mL, 1937g, 24mol) cooled to -5°C (Dry Ice/acetone).
The dark red slurry was cooled to -10°C and a solution of 
NaN02 (525g, 7.6mol) in HjO (750mL) was introduced
slowly. After the pH was adjusted to 9 with a solution of 
NaOH, the pale yellow aqueous layer was decanted and the 
organic residue was vacuum distilled to afford two major 
products:
Fraction A was identified as _18: 235g (91%) ; bp 45°C
1 Q d  i(1.5mm) [lit. bp 91-92°C (25mm)]; 'LH NMR 62.50 (s, 
pyCH3 , 3H), 7.09 (d, 5-pyH, J=7.5Hz, 1H), 7.25 (d, 3-pyH, 
J=7.5Hz, 1H), 7.42 (t, 4-pyH, J=7.5Hz, 1H); IR (neat) 1590,
— 1 4- R 11450cm ; MS m/e 173 [M ( Br), 65], 171
[M+ (79Br), 57], 92 (M+-Br, 100).
Fraction B had spectral properties in accordance with 
those of 2,5-dibromo-6-methylpyridine (19) ; 15.Og (4%); mp 
34-35°C (lit.19b mp 33-35°C); 1H NMR 62.62 (s, pyCH3 ,
3H) , 7.18 (d, 3-pyH, J=8.0Hz, 1H) , 7.65 (d, 4-py_H, J=8.0Hz, 
1H); IR (KBr) 1535, 1397cm"1; MS m/e 251 [M+ (81Br),
68], 249 [M+ (79Br), 72].
6,6* -Dimethyl-2,2 ' -dipyridine (20) . A mixture of JL8 
(68.8g, 0.4mol), sodium formate (40.8g, 0.6mol), 5% Pd/C 
(2.4g), benzyl triethylammonium chloride (16g, 60mmol), 32% 
NaOH (w/w, 40mL), and water (120mL) was refluxed in a 
stainless steel (316 SS) reactor for 48 hours. Sodium 
formate and catalyst were added at 4-8 hour intervals, as 
required. When TLC (silica) showed no evidence of the 
starting bromide, the mixture was filtered, extracted 
(DCM), dried, concentrated, and distilled in vacuo. The
distillate was dissolved in DCM and extracted with 1M HC1. 
The aqueous extract was subjected to aspirator vacuum, then 
neutralized with NaHCO^ to yield a beige solid, which was 
filtered and dried to give 6,61-dimethyl-2,21-dipyridine: 
18.4g (50%); bp 105-106°C (2mm); mp 88-89°C (lit. mp 
89-90°C); 1H NMR 62.63 (s, pyCH3 , 6H), 7.15 (d, 5-pyH,
J=7.5Hz, 2H), 7.69 (dd, 4-pyH, J=7.5, 7.5Hz, 2H), 8.19 (d,
3-pyH, J=7.5Hz, 2H); IR (KBr) 1600, 1450cm-1; MS m/e 184 
(M+ , 100).
6,6'-Dicyano-2,2'-dipyridine (22) . A mixture of L4 
(10.Og, 32mmol), CuCN (6.48g, 72mmol), and pyridine (150mL) 
was refluxed for 12 hours. The slurry was cooled to 10°C 
and solid KCN (15.Og, 231mmol) was added in small portions, 
after which vigorous stirring at 20°C was continued for 48 
hours. The solvent was removed in vacuo and the residue 
was subjected to sublimation conditions: 150°C, 0.1mm. The 
white solid was chromatographed (ThLC) on silica; two 
elutions with CHC13 afforded two fractions other than 
unchanged 14̂  (3%) :
Fraction A gave 6-bromo-61-cyano-2,2'-dipyridine (23), 
as colorless needles: 530mg (6%); mp 209-210°C; R^=0.61;
1H NMR 67.57 (d, 5-pyH, J=7.9Hz, 1H), 7.72 (d, 5 '-pyH,
J=7.9Hz, 1H), 7.73 (dd, 4-pyH, J=7.9, 7.9Hz, 1H), 7.97 (dd, 
4'-pyH, J=7.9, 7.9Hz, 1H), 8.45 (d, 3-pyH, J=7.9Hz, 1H),
8.67 (d, 3 1-pyH, J=7.9Hz, 1H); IR (KBr) 2215 (CN),
1596cm ■*"; Anal. Calcd. for C^HgBrN^: C, 50.77; H,
2.31; N, 16.15. Found: C, 51.00; H, 2.15; N, 16.28.
Fraction B possessed mp and NMR data in accordance 
with those of 22: 4.66g (71%); mp 249-250°C (lit.20 mp 
255°C); Rf=0.51; 1H NMR 67.78 (dd, 5-pyH, J=7.9, 1.2Hz,
2H), 8.04 (dd, 4-pyH, J=7.9, 7.9Hz, 2H), 8.73 (dd, 3-pyH, 
J=7.9, 1.2Hz, 2H); IR (KBr) 2210 (CN), 1600 cm"1.
2,21-Dipyridine-6,61-dicarboxylic Acid (24). Method 
A. A THF solution of 1_5 (6.0g, 19mmol) was poured quickly 
into an efficiently stirred excess of Dry Ice. Upon 
sublimation of the Dry Ice, water (200mL) was added and the 
mixture was extracted with DCM (4x75mL). Neutralization of 
the aqueous residue with 6M produced a voluminous
white precipitate, which was filtered and dried to yield 
24̂ : 1. 07g (23%); mp 250°C [lit.20 mp 286 °C (dec.) ] .
Method B . To a mechanically stirred slurry of 6,6'-
dimethyl-2,21-dipyridine (4.70g, 25.5mmol) in distilled
water (700mL) and CgHg (50mL) was added KMnO^ (lOg
21portions), as needed. The mixture was refluxed for two 
weeks, then the clear supernatant liquid was decanted. 
Acidification with concentrated HC1 (75mL) produced a 
billowy white precipitate, which was filtered and dried to 
give the diacid: 2.92g (47%).
Dimethyl 2,21-Dipyridine-6,61-dicarboxylate (25a). A 
suspension of diacid 24̂  (5.36g, 22mmol) in anhydrous MeOH
was saturated with anhydrous HC1, then refluxed for 48 
hours. After the cooled solvent was removed in vacuo, the 
residue was suspended in 10% aqueous Na2C03 and extrac­
ted with CHCl^ (4xl00mL). The organic extract was dried 
over MgSO^ and concentrated in vacuo to give a yellowish 
solid, which was chromatographed on silica. Elution with 
5% EtOH in CHCl^ provided two major fractions:
Fraction A was recrystallized from CH^CN to afford 
dimethyl 2,21-dipyridine-6,6'-dicarboxylate, as colorless 
rhombohedra: 5.62g (94%); mp 193-194°C; ‘*'H NMR 64.04 (s, 
CH3 , 6H), 8.00 (dd, 4-pyH, J=7.9, 7.3Hz, 2H), 8.16 (dd, 
5-pyH, J=7.3, 1.2Hz, 2H), 8.76 (dd, 3-pyH, J=7.9, 1.2Hz, 
2H) ; MS m/e 272 (M+ , 12), 214 (C12H1()N 202 , 100) ;
Anal. Calcd. for c i4 H i2 N 2 ° 4 : c / 61.76; H, 4.42; N,
10.29. Found: C, 61.64; H, 4.44; N, 10.33.
Fraction B was recrystallized from EtOH/CHCl^ to
yield dimethyl 2,6-pyridinedicarboxylate, 26a, as a color-
oless solid: 124mg (3%); mp 122-123°C (lit. mp 124-
125°C); 1H NMR 64.00 (s, CH3 , 6H), 8.03 (t, 4-pyH,
J=7.9Hz, 1H), 8.29 (d, 3,5-pyH, J=7.9Hz, 2H); MS m/e 137
(c 7h ?n o 2 , 100) .
Diethyl 2,21-Dipyridine-6,61-dicarboxylate (25b). 
Method A . To a suspension of diacid 2_4 (3.43g, 14mmol) in 
absolute EtOH (lOOmL) and CgHg (25mL) was added concen­
trated I^SO^ (3 mL). The flask was fitted with a
Dean-Stark separator and the mixture was refluxed for three 
days. After the cooled solvent was removed in vacuo, the 
residue was treated as described in the preparation of 25a. 
Two major fractions resulted from the thick-layer chromato­
graphy:
Fraction A was recrystallized from CH^CN to afford 
25b, as colorless crystals: 3.88g (92%); mp 141-142°C 
(lit.31 mp 140-141°C); Rf=0.71; 1H NMR 61.48 (t,
CH3 , J=7.0Hz, 6H), 4.50 (q, CH2 , J=7.0Hz, 4H), 7.99 
(dd, 4-pyH, J=7.9, 7.3Hz, 2H), 8.15 (dd, 5-pyH, J=7.3, 
1.2Hz, 2H), 8.78 (dd, 3-pyH, J=7.9, 1.2Hz, 2H); IR (KBr) 
1742 (CO), 1600cm-1; MS m/e 228 (C13H12N202 ,
100) .
Fraction B was recrystallized from EtOH/CHCl3 to 
give diethyl 2,6-pyridinedicarboxylate (26b), as colorless 
crystals: 189mg (6%); mp 143-144°C (lit.32 mp 143-145°C); 
Rf=0.30; 1H NMR 61.46 (t, CH3 , J=7.0Hz, 6H), 4.50 (q,
CH2 , J=7.0Hz, 4H), 8.03 (t, 4-pyH, J=7.9Hz, 1H), 8.29 (d,
3,5-pyH, J=7.9Hz, 2H); MS m/e 151 (CgHgNO^ 100).
M e t h o d _ B . 33 , 34 A mixture of 22̂  (3.02g, 14.7mmol), 
absolute EtOH (125mL), toluene (lOOmL), and 6M HC1 (50mL) 
was refluxed for twelve days. The cooled solvent was 
removed in vacuo and the white solid was chromatographed 
(ThLC) on silica. One elution with 5% EtOH in CHC13 gave 
two major fractions:
Fraction A was identified as unchanged starting 
material on the basis of mp and NMR data: 664mg (22%).
Fraction B afforded the desired diethyl ester (25b), 
as evidenced by NMR and MS data: 3.25g (74%).
Bis (6-bromo-2-pyridyl) Ketone (27). A solution of 1_3 
(36.Og, 152mmol) was cooled to -100°C (liquid N 2 / 
petroleum ether). Ethyl chloroformate (8.24g, 76mmol) 
dissolved in anhydrous Et20 (lOOmL) was added dropwise at 
such a rate that the temperature did not exceed -90°C. The 
solution was stirred vigorously for two hours, then the 
reaction was quenched. The color darkened upon MeOH 
addition, but changed to bright yellow when the acid was 
added. Treatment according to the general procedure gave a 
beige semi-solid, which was recrystallized from Me 2 CHOH/ 
CHCl^ to yield 2_7, as colorless prisms: 13.67g (53%); mp 
155-156°C (lit.17 mp 155-156.5°C); Rf=0.52; 1H NMR 
67.64 (dd, 5-pyH, J=7.9, 1.8Hz, 2H), 7.76 (dd, 4-pyH,
J=7.9, 7.9Hz, 2H), 8.09 (dd, 3-pyH, J=7.9, 1.8Hz, 2H).
2,2-Bis (61-bromo-21-pyridyl)-1,3-dioxolane (28).
22Method A . A slurry of b i s (6-bromo-2-pyridyl) ketone 
(3.0g, 8.8mmol), anhydrous Na2C03 (30.Og, 283mmol), and 
2-bromoethanol (80mL, 141.Og), as reactant and solvent, was 
refluxed gently for five hours under N 2 . Excess 
2-bromoethanol was removed by vacuum distillation and the 
cooled residue was poured into an aqueous solution of
Na2C03 (5%, 400mL) , which was then extracted with DCM 
(4x75mL). The organic extract was dried over MgSO^, 
passed through a silica gel column (2.5x15cm), and concen­
trated in vacuo to give a viscid, beige solid. The mater­
ial was triturated with ice-cold EtOH, then recrystallized
from EtOH/CHCl^ to afford ketal 2J3, as colorless rhombo-
22hedra: 2.87g (85%); mp 146-148°C (lit. mp 146-148°C); 
Rf=0.37; 1H NMR 64.14 (bs, ketal-CH2 , 4H), 7.37 (dd,
5-pyH, J=7.9, 1.8Hz, 2H), 7.56 (dd, 4-pyH, J=7.9, 7.9Hz,
2H), 7.79 (dd, 3-pyH, J=7.9, 1.8Hz, 2H).
22Method B . Ketone 2̂ 7 (19.22g, 56mmol) was treated
according to Method A, except for the substitution of
2-chloroethanol (250mL, 300.Og) and a reflux period of
three days, to give the ketal: 10.33g (48%).
23Method C . A mixture of bi s (6-bromo-2-pyridyl) 
ketone (11.04g, 32mmol), freshly distilled ethylene glycol 
(20.Og, 320mmol) , and concentrated H ^ O ^  (10 drops,
0.5mL) in toluene (200mL) was refluxed gently for five 
days. Water (ca. 15mL) was removed by means of a Dean- 
Stark separator. The cooled mixture was concentrated in 
vacuo and extracted with water and CHCl^ (3x75mL); the 
combined organic phase was dried over MgSO^ and evapor­
ated in vacuo. The resulting yellow solid was recrystal­
lized from EtOH/CHCl3 to afford 28.: 12.lg (98%).
6,61-Bis(6"-bromo-2"-picolinoyl)-2,2'-dipyridine (29).
Method A . Solid 11_ (5.4g, 25mmol) was added quickly to a 
solution of _1JL (3.93g, 12.5mmol) in THF (200mL) . The 
temperature briefly rose to -75°C, but was rapidly reduced 
to -90°C, at which temperature the slurry was stirred for 
an additional 30 minutes. Standard treatment of the 
mixture produced a yellow solid, which was chromatographed 
(ThLC) on silica. Two elutions with CgH^2/EtOAc (3:2) 
provided three major fractions:
Fraction A was identical to _1£: 2.32g (59%);
Rf=0.79.
Fraction B possessed physical and spectral properties 
in accordance with those of ester 1_7: 1.45g (27%);
Rf=0.48.
Fraction C was recrystallized from CHClg to give 29,
17as a white powder: 241mg (4%); mp 220-221°C (lit. mp 
221-222°C); R f=0.45; 1H NMR 67.72 (dd, 5'-pyH, J=7.9, 
1.8Hz, 2H), 7.79 (t, 4'-pyH, J=7.9Hz, 2H), 8.01 (t, 4-pyH, 
J=7.9Hz, 2H), 8.06 (dd, 3'-pyH, J=7.9, 1.8Hz, 2H), 8.19 
(dd, 5-pyH, J=7.9, 1.2Hz, 2H), 8.53 (dd, 3-pyH, J=7.9, 
1.2Hz, 2H); IR (KBr) 1680 (CO), 1590, 1457cm-1; MS m/e 
526 [M+2(81Br), 29], 524 [M+ (79Br81Br), 69], 522 
[M+2(79Br), 30], 156 (C10HgN2 , J100) ; Anal. Calcd. 
for C22H 12Br2N 402 : C, 50.38; H, 2.29; N, 10.69.
Found: C, 50.61; H, 2.20; N, 10.53.
Method B . Solid 25a 1.09g, 4.0mmol) was added during 
a period of five minutes to a solution of _13 (1.9g, 
8.0mmol); there was no attendant rise in temperature. The 
dark orange-red solution was stirred for two hours at 
-70°C, then quenched. Adherence to the general method 
produced a brown oil, which was chromatographed (ThLC) on 
silica gel. One elution with 5% EtOH in CHCl^ afforded 
three major fractions:
Fraction A possessed physical and spectral properties 
in accordance with those of 2-bromopyridine: 19mg (1%); bp 
193-194°C [lit.35 bp 193.5-194°C (764mm)]; Rf=0.81.
Fraction B was recrystallized from EtOH/CHCl^ to 
afford diketone 2_9, as a white powder: 37mg (2%) ;
Rf=0.43.
Fraction C was identified as the starting diester,
25a: 960mg (88%); Rf=0.16.
Method C . 6-Bromo-2-pyridyllithium (2.61g, llmmol) 
was treated with solid 25a (1.47g, 5.4mmol) as in Method B, 
except that the dark orange-red mixture was stirred for 
three hours after addition of the diester. The temperature 
was then allowed to rise to -55°C, and the slurry was 
stirred under these conditions for six hours. The separa­
tion procedure described in Method B gave diketone 29, as a 
white powder: 351mg (12%) .
39
Method D . A solution of 25b (5.0g, 17mmol) in anhyd­
rous THF (150mL) was added dropwise to L3 (9.0g, 38itunol) . 
The dark red slurry was stirred at -70°C for 20 hours, then 
the temperature was allowed to rise to -55°C and the 
reaction was quenched. Separation according to the proce­
dure detailed in Method B produced four main fractions: 
Fraction A was identified as 2-bromopyridine on the 
basis of spectral data: 408mg (7%); R^=0.81.
Fraction B was recrystallized from CH^CN to afford 
the tribromoketone 3_1> as a beige solid: 685mg (7%) ; mp 
158-160°C (dec.); Rf=0.51; 1H NMR 67.66-8.70 (m, pyH,
11H); IR (KBr) 1679 (CO), 1600, 803cm-1; MS m/e 606 
[M3 + (81Br),1], 156 (C5H379BrN, 100); Anal. Calcd. 
for C22-H11Br3N 402 : C, 43.78; H, 1.82; N, 9.29.
Found: C, 44.07; H, 1.94; N, 9.09.
Fraction C was recrystallized from CH3CN to yield 
diketone 2j): 3.47g (40%); R^=0.43.
Fraction D was recrystallized from EtOH/CHCl3 to 
yield unsymmetrical diketone 32./ as a white powder: 83mg 
(1%); mp 162-163°C; Rf=0.39; XH NMR 67.53 (ddd, H-12,
J=7.9, 4.9, 1.2Hz, 1H), 7.71 (dd, H-l, J=7.9, 1.2Hz, 1H), 
7.72 (dd, H-ll, J=7.9, 7.9Hz, 1H), 7.78 (t, H-2, J=7.9Hz, 
1H), 7.91 (dd, H-3, J=7.9, 1.2Hz, 1H), 7.96 (t, H-5,
J=7.9Hz, 1H), 8.03 (t, H-8, J=7.9Hz, 1H), 8.10 (dd, H-10, 
J=7.9, 1.2Hz, 1H), 8.13 (dd, H-4, J=7.9, 1.2Hz, 1H), 8.17
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(dd, H-9, J=7.9, 1.2Hz, 1H), 8.49 (dd, H-6, J=7.9, 1.2Hz, 
1H), 8.52 (dd, H-7, J=7.9, 1.2Hz, 1H), 8.80 (m, H-13, 1H); 
IR (KBr) 1681 (CO), 1596cm"1; MS m/e 446 [M+ (81Br),
48], 444 [M+ (79Br), 56], 78 ( C ^ N ,  jLOO) ; Anal.
Calcd. for C22H13BrN402 ; C, 59.33; H, 2.92; N,
12.58. Found: C, 59.61;, H, 2.77; N, 12.77.
Fraction E was recrystallized from CH^CN to afford 
diester 25b: 1.25g (25%); R^=0.71.
Method E . 6-Bromo-2-pyridyllithium (7.58g, 32mmol) 
was treated with a solution of 25b (4.62g, 15.4mmol) in 
anhydrous THF (250mL) in accordance with Method D, except 
that the dark red slurry was stirred for 48 hours. The 
standard purification procedure afforded one major product 
other; than unchanged 25b (20%) :
Fraction A was identical to diketone 29_: 6.28g (78%, 
FINALLY!).
6,6' -Bis [2" - (6'"-bromo-2"l-pyridyl) -1” , 3"-dioxolan- 
2"-yl]-2,2 1-dipyridine (5). A mixture of diketone 29_ 
(5.32g, lO.lmmol), freshly distilled ethylene glycol 
(55.Og, 878mmol), and concentrated H2S04 (0.25mL) in 
toluene (400mL) was refluxed gently for one week. Water 
was removed during the reaction by means of a Dean-Stark 
separator. The cooled solution was concentrated in vacuo 
and the residue was slurried in 10% aqueous Na2C03 
(150mL), extracted with CHCl^ (6x75mL), dried over
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MgSO^, and concentrated in vacuo. The resulting buff
solid was recrystallized from CH^CN to give diketal _5, as
colorless, massive crystals: 5.79g (94%); mp 264-265°C;
1H NMR 6 4.20 (m, CH2 , 8H), 7.3 9 (dd, 5'-pyH, J=8.0,
1.3Hz, 2H), 7.57 (t, 4 '-pyH, J=8.0Hz, 2H), 7.70-7.82 (m,
3',4, 5pyH, 6H), 8.13 (m, 3-pyH, 2H); IR (KBr) 1600,
1462cm"'1; MS m/e 569 [M+ (79Br81Br)-44, 9], 230
(C8H781BrN02 , 93), 228 (C8H?79BrN02 , 100);
Anal. Calcd. for C^H-.Br-N.O.: C, 50. 98; H,  26 20 2 4 4
3.27; N, 9.15. Found: C, 50.67; H 3.16; N, 8.86.
Reaction of 6 ,6 1 -Bis [2"-(6lll-lithio-2"‘-pyridyl)-1" , 3"- 
dioxolan-2"-yl]-2,21-dipyridine (33) with Ethyl Chlorofor­
ms te . To ^3, prepared from diketal 5> (920mg, 1.5mmol) 
according to the general dipyridine metalation procedure, 
was added ethyl chloroformate (195mg, 1.8mmol) in anhydrous 
THF (50mL). The temperature was allowed to rise to -70°C 
and the mixture was stirred under these conditions for two 
days, then quenched. Use of the standard separation method 
gave a yellow solid, which was chromatographed (ThLC) on 
silica. One elution with 5% EtOH in CHCl^ gave one 
product other than unchanged jj (16%) :
Fraction A gave 3£, as a white powder: 322mg (47%); mp 
258-259°C; 1H NMR 64.17 (m, CH2 , 8H), 7.19 (ddd,
5 1“PyH, J=7.3, 4.9, 1.3Hz, 2H), 7.68-7.88 (m, 3 ’,4’,4,
5-pyH, 8H), 8.10 (m, 3-pyH, 2H), 8.56 (ddd, 6'-pyH, J=4.8,
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1.7, 0.9Hz, 2H); IR (KBr) 1585cm-1; MS m/e 454 (M+ , 2),
150 (CgHgNC^, 100); Anal. Calcd. for
C26H22N4°4: C ' 68-72' H ' 4.85; N, 12.33. Found: C,
68.96; H, 4.72; N, 12.59.
Reaction of 2,2-Bis (61-lithio-21-pyridyl)-1,3-dioxo- 
lane (34) with Dimethyl 2,2'-Dipyridine-6,61-dicarboxylate 
(25a) . To 3_4, prepared from _28 (1.20g, 3.1mmol) according 
to the general dipyridine metalation procedure, was added a 
solution of diester 25a (860mg, 3.2mmol) in anhydrous THF 
(250mL). The dark red solution was permitted to warm to 
-70°C, at which temperature it was stirred for two days,
then quenched. Treatment according to the standard proce­
dure gave a dark oil, which was chromatographed (ThLC) on 
silica. Three elutions with 5% EtOH in CHClg provided 
four major, and many minor, fractions:
Fraction A was identified as ketal 3j3, on the basis of 
physical and spectral evidence: 201mg (28%) ; mp 165-166°C 
(lit.22 mp 164-166°C); 1H NMR 64.16 (bs, CH2 , 4H),
7.18 (ddd, 5-pyH, J= 7.6, 4.9, 1.2Hz, 2H), 7.72 (ddd,
4-pyH, J=7.9, 7.6, 1.2Hz, 2H), 7.86 (dd, 3-pyH, J=7.9, 
1.2Hz, 2H), 8.57 (dd, 6-pyH, J=4.9, 1.2Hz, 2H).
Fraction B possessed physical properties in accordance 
with those of diester 25a: 303mg (35%) .
Fraction C gave 36a, as a yellow oil: 14.3mg (1%);
1H NMR 64.18 (s, CH2 , 8H), 7.19 (ddd, 5'-pyH, J=7.9,
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4.9, 1.2Hz, 1H), 7.67-8.12 (m, pyH, 17H), 8.58 (dd, 6'-pyH, 
J=4.9, 1.2Hz, 1H); IR (neat) 1681 (CO), 1597cm"1; MS m/e 
586 (M+-C5H3Br, 1), 150 (CgHgNO^ 100) .
Fraction D afforded 36b, as a pale yellow oil: 40mg 
(4%); !H NMR 64.18 (s, CH.,, 8H) , 7.17 (m, 5'-pyH, 2H) ,
7.67 (m, pyH, 16H), 8.57 (dd, 6 '-pyH, J=4.9, 1.5Hz, 2H); IR 
(neat) 1679 (CO), 1600cm"1? MS m/e 437 
(C25H17N 404 , 1), 150 (CgHgN02 , 100).
Reaction of 6,6'-Dilithio-2,21-dipyridine (15) with 
Ethyl Chloroformate. A solution of ethyl chloroformate 
(1.64g, 15mmol) in anhydrous THF (lOOmL) was added dropwise 
over a period of one hour to 3̂ 5 (4.71g, 15mmol) . [CAUTION: 
Ethyl chloroformate vapors are strongly irritating to eyes, 
mucous membranes, and skin.] The solution was stirred for 
two hours at -90°C, then the temperature was allowed to 
increase to -30°C and the reaction was quenched. Treatment 
according to the standard procedure gave a brown oil, which 
was chromatographed on silica. Three elutions with CHCl^ 
produced many small fractions, only two of which were 
identified: '
Fraction A possessed physical and spectral properties 
in accordance with those of _14s 862mg (18%).
Fraction B gave ketone _37, as a beige solid: 9.6mg 
(<1%); mp 180°C (dec); 1H NMR (100MHz) 67.5-8.7 (m, pyH, 
13H); IR (KBr) 1684 (CO), 1593cm"1.
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Reaction of 6,61-Dilithio-2,21-dipyridine (15) with 
6 , 6 1 -Dicyano-2, 2 1 -dipyridine (22) . A solution of 22_
(610mg, 3mmol) in anhydrous THF (lOOmL) was added slowly to 
15 (830mg, 3mmol) and the mixture was stirred for three 
hours at -90°C. The temperature was then permitted to rise 
to -60°C, after which the reaction was quenched. Adherence 
to the general method of separation gave a yellow solid, 
which was triturated with ice-cold MeOH. The solid was 
identified as unchanged _22: 519 mg (85%) .
The yellow triturate was concentrated in vacuo, then 
chromatographed (ThLC) on silica. Elution with DCM 
produced several small fractions, two of which were 
characterized:
Fraction A gave 6-butyl-2,2'-dipyridine (38) , as a 
colorless oil: 226mg (36%); Rf=0.78; 1H NMR 60.97 (t,
CH3 , J=7.3Hz , 3H), 1.43 (m, CH2CH3 , 2H), 1.80 (m,
CH2CH2CH2 , 2H), 2.87 (t, CH2CH2CH2 , J=7.3Hz
2H), 7.15 (dd, 5'-pyH, J=7.3, 1.2Hz, 1H), 7.28 (ddd, 5-pyH,
J=7.3, 4.9, 1.8Hz, 1H), 7.75 (m, 4,4'-pyH, 2H), 8.18 (dd,
3'-pyH, J=7.9, 1.2Hz, 1H), 8.45 (dd, 3-pyH, J=7.9, 1.8Hz, 
1H), 8.67 (dd, 6-pyH, J=4.9, 1.8Hz, 1H); MS m/e 212 
(M+ , 23) , 198 (c 13h 14n 2' !2£>'* Anal. Calcd. for
C 14H16N 2 : C ' 79-25; H ' 7 *55/* N » 13.21. Found: C,
79.33; H, 7.48; N, 13.34.
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Fraction B afforded 2,2'-dipyridine (39), as colorless 
crystals: 215mg (46%); mp 69-70°C (lit.^® mp 70°C).
Reaction of 6-Bromo-61-cyano-2,2 1-dipyridine (23) with 
Butyllithium. Method A . A suspension of _23 (600mg, 
2.3mmol) in anhydrous THF (200mL) was treated with buLi 
(2mL, 3.2mmol; 1.6M in hexane) according to the general 
dipyridine metalation procedure. The pink slurry was 
stirred at -90°C for two hours, allowed to warm to -65°C, 
and stirred at that temperature for an additional two 
hours. The cooling bath was then removed, and when the 
temperature of the mixture reached -30°C, the reaction was 
quenched. Standard separation methods afforded a white 
solid, which was chromatographed (ThLC) on silica. One 
elution with 5% EtOH in CHCl^ gave three major fractions: 
Fraction A was recrystallized from EtOH/CHCl^ to 
give _14: 63mg; an impurity in 23.
Fraction B was identified as unchanged 23_, on the 
basis of physical and spectral data: 325mg (54%).
Fraction C was assigned structure £0: 14mg; 1H NMR 
67.69 (d, 5 1-pyH/ J=8.1Hz, 2H), 7.91 (dd, 4'-pyH, J=8.1, 
7.9Hz, 2H), 7.99 (m, 4,5-pyH, 4H), 8.26 (m, 3 '-pyH, 2H),
8.50 (d, 3-pyH, J=7.9Hz, 2H); IR (KBr) 1683 (CO),
— 1 fi 11600cm ; MS m/e 263 (C1;]Hg BrN20, 97), 261
(CllH 679B r N 20/ 1 0 0 ) •
Method B . A solution of 6-lithio-6'-cyano-2,2'-dipy- 
ridine [ (158mg, 0.6nunol), prepared as above] in anhydrous 
THF (200mL) was stirred at -70°C (Dry Ice/acetone) for four 
days. Hydrolysis and separation as in Method A gave three 
major fractions:
Fraction A was identical to unchanged Z3: 43mg (28%). 
Fraction B gave diketone 4_1, as a sticky, beige solid: 
4mg (3%); 1H NMR 60.95 (m, CH.^, 6H), 1.49 (m,
CH2CH3 , 4H), 1.88 (m, CH2CH2CH2, 4H), 3.31 (m,
CH2CH2CH2 , 4H), 7.3-8.7 (m, pyH, 12H); IR (KBr) 1680 
(CO), 1592cm-1; MS m/e 478 (M+ , 33), 351
(C23H19N 4' 100)•
Fraction C yielded triketone 4_2, as a yellow oil: 6mg
(5%); 1H NMR 60.91 (m, CH3 , 3H), 1.42 (m, CH2CH3 ,
2H), 1.62 (m, CH2CH2CH2 , 2H), 3.03 (m,
CH2CH2CH2 , 2H), 7.25-8.10 (m, pyH, 18H), 8.67 (m,
6-pyH, 1H); IR (neat) 1681 (CO), 1597cm-1; MS m/e 534
^ 34^ 26^ 6^ '  ^  ' ^^1 ^ 23^ 19^4 ' 1 ̂ ^  ̂ *
Reaction of 6,61-Dilithio-2,21-dipyridine (15) with
Diethyl 2,21-Dipyridine-6,61-dicarboxylate (25b). A solu­
tion of 1J5 (l.lg, 3.5mmol) was stirred at -90°C for seven 
hours, after which a solution of diester 25b (l.Olg, 
3.4mmol) in anhydrous THF (lOOmL) was added slowly. The 
dark red solution was stirred at -90°C for one hour, then 
at -70°C for four days. Treatment according to the general
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procedure gave a yellow solid, which was chromatographed 
(ThLC) on silica. Two elutions with 2.5% EtOH in CHCl^ 
yielded three major, and numerous minor, fractions:
Fraction A possessed physical and spectral data in 
accordance with those of 1_4: 165mg (15%) .
Fraction B was identified as unchanged diester 25b: 
326mg (32%).
Fraction C afforded 43^ as a white solid: 345mg (46%);
mp 250°C (dec.); R f=0.42; 1H NMR 61.49 (t, CHg ,
J=7.0Hz, 6H), 4.51 (q, CH2 , J=7.0Hz, 4H), 7.89 (m,
4,5'-pyH, 6H), 8.12 (m, 4',5-pyH, 6H), 8.51 (m, 3-pyH, 4H), 
8.84 (dd, 3'-pyH, J=7.6, 1.1Hz, 2H), IR (KBr) 1739 (ester 
CO), 1681 (ketone CO)cm MS m/e 664 (M+ , 15), 153 
(C^qH,.^, 100) ; Anal. Calcd. for C^gH^NgOg:




T able  I .  Bond Distances (A) and Angles ( ° )  f o r  5 .
Atoms
o
A Atoms O Atoms
0
Br1-C1 1 .9 0 9 (3 ) C6-01-C12 1 0 7 .4 4 (2 8 ) N2-C7-C8 1 2 3 .4 4 (2 4 )
01 -C6 1 .4 2 5 (3 ) C6-02-C13 1 0 7 .5 3 (2 8 ) C6-C7-C8 1 2 1 .2 6 (2 4 )
01 -C l 2 1 .4 0 5 (5 ) C1-N1-C5 1 1 6 .8 7 (2 2 ) C7-C8-C9 1 1 8 .4 6 (2 5 )
02 -C6 1 .4 2 2 (3 ) C7-N2-C11 1 1 7 .6 2 (2 2 ) C8-C9-C10 1 1 8 .9 1 (2 5 )
02-C13 1 .3 9 4 ( 5 ) Br1-C1-N1 1 1 5 .8 7 (1 9 ) C9-C10-C11 1 1 9 .3 1 (2 4 )
N1-C1 1 .3 1 4 (3 ) B M -C 1-C 2 1 1 8 .2 7 (2 2 ) N2-C11-C10 1 2 2 .2 3 (2 5 )
N1-C5 1 .3 4 3 (3 ) N1-C1-C2 1 2 5 .8 4 (2 6 ) 01-C12-C13 1 0 7 .4 2 (3 3 )
N2-C7 1 .3 3 6 (3 ) C1-C2-C3 1 1 6 .7 1 (2 7 ) 02-C13-C12 1 0 6 .1 3 (3 1 )
N2-C11 1 .3 5 2 (3 ) C2-C3-C4 1 1 8 .9 2 (2 6 )
C1-C2 1 .3 8 1 (4 ) C3-C4-C5 1 1 9 .8 4 (2 7 )
C2-C3 1 .3 7 6 (5 ) N1-C5-C4 1 2 1 .8 1 (2 6 )
C3-C4 1 .3 8 0 (5 ) N1-C5-C6 1 1 4 .9 1 (2 2 )
C4-C5 1 .3 7 9 ( 4 ) C4-C5-C6 1 2 3 .2 7 (2 5 )
C5-C6 1 .5 1 7 (4 ) 0 1 -C6-02 1 0 6 .0 6 (2 2 )
C6-C7 1 .5 2 2 (3 ) 01 -C6-C5 1 1 0 .6 4 (2 2 )
C7-C8 1 .3 7 8 (4 ) 0 1 -C6-C7 1 0 7 .8 7 (2 1 )
C8-C9 1 .3 9 4 (4 ) 02-C6-C5 1 0 9 .8 4 (2 0 )
C9-C10 1 .3 6 8 (4 ) 02-C6-C7 1 0 8 .9 0 (2 2 ) >
C10-C11 1 .3 9 0 ( 4 ) C5-C6-C7 1 1 3 .2 5 (2 1 )
C12-C13 1 .4 5 6 (7 ) N2-C7-C6 1 1 5 .2 5 (2 2 )
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Table I I .  C rys ta l  Data and Coordinates  o f  Nonhydrogen Atoms f o r  5 .
C26H20NA°4Br2 5 MW=612,3» t r i c l i n i c  space group P1, a = 6 .2 3 1 (1 ) ,  b = 9 .8 5 9 ( 2 ) ,  
c = 1 0 .2 9 9 (3 )A °  a = 8 8 .A 5 ( 2 ) ,  6 = 8 4 . 6 5 ( 2 ) ,  y = 7 7 . 0 9 ( 2 ) ° ,  Z=1, D =1 .656g cm "] R=0.037  
f o r  1795 observed d a ta .
Atom X y z
Br 0.15335(6) 0 .32311(3) 0.06789(3)
01 0.1375(5) 0 .8394(2) 0.4299(2)
02 -0 .1155 (4 ) 0.7050(2) 0 .4290(2)
HI 0.1299(4) 0.5556(2) 0.2148(2)
H2 0.0327(4) 0.8917(2) 0 .1445(2)
Cl 0 .2741(5) 0 .4529(3) 0.1559(3)
C2 0.5012(5) 0 .4301(4) 0.1551(4)
C3 0.5023(5) 0.5237(4) 0.2220(4)
C4 0.4352(6) 0 .6323(3) 0.2858(4)
C5 0.2111(5) 0 .6462(3) 0.2801(3)
C6 0.0382(5) 0 .7623(3) 0 .3472(3)
C7 -0 .0875 (5 ) 0.8641(3) 0.2521(3)
CG -0 .3 0 75 (6 ) 0.9261(3) 0.2800(3)
C9 -0 .4124 (6 ) 1.0200(4) 0.1897(4)
Atom X y z
CIO -0 .2915 (6 ) 1.0506(3) 0.0795(3)
C ll -0 .0692(5 ) 0 .9855(3) 0.0591(3)
C12 0.0974(12) 0.7937(6) 0.5585(4)
C13 -0 .0469(11) 0.6965(6) 0 .5552(4)
H2 0.5967 0.3535 0.1104
H3 0.7371 0.5139 0.2244
H4 0.4881 0.6973 0.3334
H8 -0 .3860 0.9053 0.3589
H9 -0 .5653 1.0620 0.2046
H10 -0 .3589 1.1156 0.0175
H121 0.0275 0.8706 0.6123
H122 0.2320 0.7485 0.5914
H131 -0 .1707 0.7219 0.6177




Pyridyl Ketal, Ketone, and Carbinol Macrocycles
INTRODUCTION
Modified crown ether macrocycles containing a
2,6-pyridino or 6,6'-{2,2'-dipyridino) subunit exhibit a
penchant for the formation of neutral component com- 
3 6plexes. X-ray diffraction experiments confirm that JLc
and 2 bind a water molecule in the polyether portion of
3 6 ™*3 8their structures, whereas no evidence for this sort
of neutral host-guest interaction is displayed by either _la 
383.or 18-crown-6. Coronands 3 and £  have been shown to
exhibit remarkable discrimination between simple alco- 
39hols. Most notably, methanol is selectively retrieved 
from ethanol by 2 an^ the converse by neither strongly 
bind isopropyl or larger alcohols. Slightly less specifi­
city is manifested by 5, although it shows a strong prefer­
ence for isopropyl alcohol and produces a neutral component 







Because pyridyl ketones can decarbonylate under mild,
40basic conditions (Chapter 3), protection of the
carbonyl group of b i s (6-bromo-2-pyridyl) ketone (£) was
necessary prior to macrocycle formation by standard 
41procedures. Base-catalyzed ketalization of by means
of 2-chloro- or 2-bromoethanol afforded reasonable yields 
22(48%) of 1_, but complicated isolation procedures (to 
remove final traces of the haloalcohol and other side 
products) suggested that more traditional routes would be 
preferable. Ketalization was accomplished (98%) with 
freshly distilled ethylene glycol and a catalytic amount of 
concentrated H2S04 toluene; the solution was
gently refluxed for five days. As a bonus, ketal 1_
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crystallized as colorless prisms upon concentration of the 
solution.
The NMR spectrum of 7_ exhibits an ABX pattern (three 
doublets of doublets) at 6 7.37, 7.56, and 7.79 for H-5, 
H-4, and H-3, respectively. The significant downfield 
shift of H-3 suggests that the pyridine rings adopt a
conformation (.i.e. , 7.) as close to anti as can be 
accommodated with the intervention of the dioxolane ring. 
In this conformation the proximity of H-3 to the 




proton to considerable deshielding effects derived from
In general, treatment of dioxolane 1_ with sodium 
(oligo)ethylene diglycolate (generated from the appropriate 
glycol and two equiv. of NaH) resulted in the formation of 
both spiromacrocyclic _8 and 9_ (Scheme I) and noncyclic 
compounds.
In particular, reaction of 1_ with ethylene glycol in 
refluxing toluene afforded 9a, as the only macrocyclic 
product isolated. Inspection of a CPK molecular model of
diamagnetic anisotropy and dipole fields effects 18
+ open chain 
compounds

















8a indicated that although ethylene glycol is of sufficient
length to bridge a 1:1-coronand, cyclization would require
essentially complete overlap of the neighboring
N-electrons. Use of di- through hexaethylene glycols in
this reaction under similar conditions generated the 1:1-
(8a-f) and 2:2-spiromacrocycles (9b-g). The 3:3-products
(10) were obtained from the reactions of di- (a) and
hexaethylene (b) glycols, and even the 4:4-macrocycle (11)
was isolated when hexaethylene glycol was employed.
Numerous uncyclized compounds were also isolated and
characterized. Both fragmentation and oligomerization
processes are quite common for the (poly)ethylene glycols,
but these side reactions are generally minimized when the
41temperature is maintained below 140°C. For this
reason, several of the reactions were .repeated in refluxing
(110°C) or warm (70°C) toluene in an effort to favor
formation of the desired macrocycle. Unfortunately,
utilization of toluene as the solvent necessitated extended
reaction times and seemed to promote formation of the 2:2-
and larger macrocycles at the expense of the 1:1-pioduct.
In general, as the polyethylene glycols increased in
length, the yield of the desired 1:1-spiromacrocycles j3
decreased. This observation is in accord with reports of
42 43enhanced fragmentation of these higher oligomers ' and
T ab le  I .  NMR Data f o r  Ketal  Macrocycles
ompound 4-pyH* 3-pyHb 5-pyHC CN
5 
1
8b 7 .5 5 7 .2 3 6 .6 0 4 .1 2
8c 7 .6 4 7 .3 6 6 .6 9 4 .1 9
8d 7 .6 0 7 .3 5 6 .6 9 4 .1 8
8e 7 .6 0 7 .3 3 6 .6 9 4 .1 6
8 f 7 .6 0 7 .3 3 6 .6 9 4 .1 6
9a 7 .5 0 7 .2 4 6 .5 5 4 .1 6
9b 7 .5 7 7 .3 0 6 .6 3 4 .1 5
9c 7 .5 7 7 .2 9 6 .6 5 4 .1 6
9d 7 .5 7 7 .2 9 6 .6 6 4 .1 6
9e 7 .5 6 7 .2 9 6 .6 6 4 .1 6
9 f 7 .5 6 7 .2 8 6 .6 7 4 .1 6
®J = 7 . 9 ,  7 .3  Hz. b J - 7 . 3 ,  1 .2  Hz. C J
and 9 .
* ( W
8 Y ( 6 .  E ,  5 )
4 . 3 7 ( 5 . 7 ) 3 .6 0 -
4 . 3 8 ( 4 . 5 ) 3 .4 4 3 .4 4  (m)
4 . 3 6 ( 4 . 6 ) 3 .5 3 3 .4 7  (m)
4 . 3 1 ( 4 . 9 ) 3 .5 7 3 .5 7  (m)
4 . 2 9 ( 4 . 9 ) 3 . 5  (m) 3 .5  (m)
4 .3 4 d - -
4 . 2 5 ( 4 . 9 ) 3 .4 6 -
4 . 4 0 ( 4 . 9 ) 3 .5 4 3 .4 6  (m)
4 . 3 0 ( 5 . 1 ) 3 .6 2 3.51 (m)
4 . 3 0 ( 4 . 9 ) 3 .6 5 3 .5 7  (m)
4 . 3 1 ( 4 . 9 ) 3 .6 8 3 .6 2  (m)
d
7 . 9 ,  1 .2H z .  Broad s i n g l e t .
cn
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with the results of Monte Carlo calculations performed to
determine the feasibility of cyclization in similar pyridyl 
44crowns.
The NMR resonance frequencies (Table I) for the 
aromatic protons of the 1:1- (8b-f) and 2:2-spiromacro- 
cycles (9a-g) form two internally consistent sets; only 
chemical shifts for the smallest member of each series are 
shown to deviate appreciably from those of the larger 
members. Thus, all macrocycles (j3, _9) , with the exception 
of j3b, exhibit three doublets of doublets at ca. 6 6.65, 
7.30, and 7.60 for H-5, H-3, and H-4, respectively. The 
strained 1:1-macrocycle (8b) exhibited a shift (A6=0.1) in 
the aromatic region as a result of conformational rotation 
to a more syn-type orientation. The ketal-methylene 
protons of all of the spiromacrocycles resonate as a broad 
singlet very near 6 4.16 and likewise the a-methylene 
protons of the glycol bridges resonate at 6 4.3-4.4. The 
significant upfield shift of H-5 with respect to its 
position in 1_, the appearance of a broad singlet for the 
ketal-methylene group, and the integration of the region 
for the a-methylene protons all substantiate the 
symmetrical nature of these macrocycles, in which oxygen is 
attached directly to the pyridine ring. That H-3 becomes 
considerably more shielded than in the parent dioxolane
indicates a diminished diamagnetic anisotropy, probably as
a result of partial rotation away from the N-electrons.
The lack of discrimination among the 3- 5-methylene protons
is evidence that in solution the glycol bridge is, on the
average, well-removed from the vicinity of the
45heteroaromatic ring currents; > the ether bridge
does not span the pyridine ir-face. This is certainly the 
conformation adopted in the solid state, is proved by the 
X-ray crystal structure determination.
Although the 2:2-macrocycle j)a has not been induced to 
crystallize, a reasonable estimate of its conformation can 
be derived by imposition of the several dioxolane 
macrocycle constraints discerned from the X-ray data on 8b 
and 8d (described below). Construction of a CPK model of 
9a that incorporates (a) a dihedral angle of approximately 
90° between the pyridines flanking the two dioxolanes, (b) 
the concomitant anti orientation of each pyridine with a 
dioxolane oxygen (a torsion angle of 180° for O-C-C-N), and 
(c) a torsion angle of nearly 0° associated with the 
imidate moiety results in a helical molecule which 
possesses D2 symmetry (Figure I). That these constraints 
are operative in solution, at least in the range 220-365K, 
is evidenced by the results of variable temperature 
NMR studies.
Scheme II shows the VT NMR spectra of j)a in
toluene-dg from 220-300K. Changes in these spectra
result from both temperature effects and solvent shifts.
At 300K, change of solvent from CDClg to toluene-dg
results in an upfield shift (A6=0.4) of the H-4 signal.
Resonance frequencies of the other heteroaromatic protons
are basically unaltered by solvent changes. The
conformation of 9ja must therefore permit interactions of
H-4 with the ring current of the aromatic solvent while
protecting H-3 and H-5 from its effect. As the temperature
is decreased, the only change in the spectrum is the slow
diamagnetic shift of H-4. The low-temperature contraction
44of polyethylene glycols is documented and in 9a. there 
must be a concurrent torsion which acts to "tighten" the 
helix in order to accommodate the decreased length of the
60
Figure I.
Scheme II. VT NMR Study of
bridge. In Figure 1, this molecular motion is represented 
by a clockwise twist of the upper portion of the molecule 
(only a right-handed helix is shown) which brings each H-4 
nearer the bridge O-electrons. The spectrum retains a 
first-order aromatic region even at diminished temperature: 
all H-4 protons must therefore be magnetically equivalent. 
The D 2 symmetry exhibited by 9a also accounts for the 
extreme simplicity of the aliphatic region as well as the
uniform appearance of the spectra throughout the
temperature range. Corresponding changes in the
low-temperature NMR spectra of £b and f indicate that the
relative orientations of the pyridine rings, dioxolane 
ring, and a-oxygens must be similar in all of these 
molecules.
At elevated temperatures (300-365K), however, a 
dramatic change in the heteroaromatic region was observed. 
The VT NMR spectra of 8b, shown in Scheme III, are 
virtually identical to those of 8_f, shown in Scheme IV. In 
both cases, the ABX pattern observed at 300K is converted, 
at 365K, to one doublet at approximately 6 7.23 for H-3 and 
H-4, and a 5-line signal at approximately 6 6.50 for H-5. 
Resonances for the aliphatic protons shift slightly 
downfield but the pattern remains unchanged. This chemical 
shift dependence on temperature arises primarily from the 
influence of sample density on the bulk magnetic
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Scheme III. VT NMR Study of 8b.
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Scheme IV. VT NMR Study of 8f.
4 S 4.0 3.5
46susceptibility. For 8b, the resulting decrease in
for H-3 and H-4 induces mixing of the corresponding
wavefunctions, which in turn affects the transition
47frequencies and intensities. Gradual variation of the 
AB chemical shifts, as a function of temperature, accounts 
for the progressive changes in appearance of both the AB 
and X regions. At 365K, fortuitous degeneracy of the H-3 
and H-4 resonances leads not only to complete coalescence 
of the central two lines in the X spectrum, but also to the 
emergence of peripheral combination lines in this 
pattern.
Melting point and infrared data for Q_ and 9_ are 
compiled in Table II.
The mass spectra of these macrocycles (J3 and j?) are 
similar. Scheme V depicts the general fragmentation 
pattern of J3; the relative abundances of important 
fragments are compiled in Table III for and Table IV for 
9̂. A parent peak is observed for all 1:1-macrocycles £. 
Prominent in each spectrum is a peak due to loss of 
fragment [m/e 43 (C2H30*)] from the molecular ion; 
this is envisioned to arise from a McLafferty 
rearrangement, followed by fragmentation. The base peaks 
of macrocycles £  and 9_ result from the product of a 
double-McLafferty rearrangement, i.e., bis (pyridinone)diox- 
olane or a fragment thereof.
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Table I I .  M e l t in g  P o in t  and In f r a r e d  Data f o r  8 and 9 .
a
Compound mp(°C)  l_R_
8b 1 2 3 -1 2 3 .5 1592 1455
8c 1 1 9 .5 -1 2 0 1593 1455
8d 71-72 1591 1457
8e 1 0 1 .5 -1 0 2 1592 1456
8 f oi 1 1593 1455
9a oi 1 1591 1455
9b oi 1 1587 1458
9c oi 1 1589 1460
9d oi 1 1592 1458
9e o i l 1597 1456
9 f oi 1 1598 1458
2 a oi 1 1592 1460
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Several of these spiromacrocycles, especially 8b, 9b,
9f, and 10b, tenaciously held CHCl  ̂ even at the GC/MS
probe temperature (200°C). Concentration in vacuo of a
CHCl^ solution of these products and dissolution in
toluene-dg afforded samples that exhibited a resonance at
67.26 in the NMR spectra, whereas prolonged warming at a
pressure of 2.5 mm resulted in a material that lacked a
CHClg resonance. The possibility that these
spiromacrocycles represented further examples of neutral
3 6component complexes prompted X-ray diffraction studies 
on those compounds for which suitable single crystals could 
be obtained.
Molecule 8d is illustrated in Figure II. It 
crystallizes without solvent complexation, and has 
approximate symmetry C^. The major features of its solid 
state conformation are described by several key torsion 
angles. In both cases, pyridine rings are turned with 
respect to the dioxolane ring such that nitrogen atoms are 
essentially anti to oxygen. Descriptive torsion angles of 
N1-C5-C6-01 and N2-C7-C6-07 are -179.9 and -178.1°, 
respectively. The pyridine rings thus form a dihedral 
angle of 97.2°. The imidate moiety is in both cases 
essentially syn to nitrogen: torsion angles N1-C1-06-C19 
and N2-C11-02-C12 are -6.4° and 7.1°, respectively. The 
13-atom polyether chain is long and flexible enough to link
Table III. Fragmentation of 1:1 Ketal Macrocyles 8.
Compound M+ M -43  287
______________ (m /e)  _________  ___
8b 6.1 -
(330)
8c 2 1 .9 3 0 .3
(374) (331)
8d 1 .0 13.1
(418) (375)
8e 1 .8 12.1
(462) (419)
8 f 1 .0 7 .0
(506) (463)
Fragment vs . R e la t iv e  In t e n s i t y  
260 192 188
77.1 1 2 .6  2 6 .9
4 6 .3  1 6 .9  2 2 .9
5 3 .9  2 0 .5  2 7 .2
51 .1  1 4 .9  4 2 .0
4 8 .3  1 3 .4  4 0 .7
166 148 122 120 94
100 2 0 .6  2 2 .7  1 8 .8  32.1
100 3 6 .9  3 6 .9  2 3 .9  36.1
100 4 5 .8  4 8 .3  3 0 .0  4 7 .3
100 2 5 .0  5 8 .8  3 2 .4  5 5 .7
100 2 5 .5  6 6 .9  3 5 .7  6 0 .7
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Table IV .  Fragm entation o f  2 :2  Ketal  Macrocycles.
Fragment versus R e la t iv e  In t e n s i t y
Cmpd 287 260 188 166 148 122 120 94
9a3 2 4 .4 1 4 .5 10 .2 100 18 .4 4 9 .9 5 5 .7 7 7 .8
9bb 6 0 .0 51.1 1 9 .5 7 4 .6 6 5 .4 100 6 1 .3 6 9 .9
9c 5 8 .6 100 3 2 .4 9 3 .9 2 7 .6 3 0 .7 6 3 .2 4 3 .5
9d 3 4 .0 100 2 9 .5 9 4 .2 2 6 .8 3 1 .9 19 .4 3 9 .0
9e 3 3 .2 100 2 6 .3 97.1 2 5 .5 3 0 .4 2 3 .9 4 2 .4
2 4 .2 3 3 .4 16.1 100 24 .7 5 2 .8 1 8 .6 3 2 .8
9 f 2 6 .6 2 6 .6 16 .3 100 3 6 .8 6 6 .9 22.1 25 .8
3572 (M+ , 1 . 0 ) .  b660 (M+ , 2 . 3 ) .
the bis (pyridyl) ketal unit into the macrocycle framework 
in this unstrained, undistorted conformation. The 
dioxolane ring is nonplanar: the sum of five intraannular 
torsion angle magnitudes is 61°. The largest of these, 
18.8°, is about the C-C bond. Average lengths for various
O 0bond types are 1.331A for C-N, 1.379A for aromatic C-C, 
1.488A for aliphatic C-C, and 1.408A for
C(tetrahedral)-0. The pyridine rings are planar to within
O0.015A. Bond lengths and bond angles are listed in Table 
VIII; the nonhydrogen atom coordinates are compiled in 
Table IX.
Molecule 8b also crystallizes without complexed 
solvent. It is asymmetric and illustrated in Figure III. 
The much shorter polyether linkage does not allow the 
molecule to assume the unstrained C 2 ~symmetric 
conformation of 8d. The near-zero torsion angles of the 
pyridine-ether linkages are retained at the expense of 
rotation of one of the pyridine rings with respect to the 
dioxolane ring. Torsion angles N1-C1-04-C15 (15.8°), 
N2-C11-02-C12 (4.5°), and N1-C5-C6-01 (172.1°) are 
analogous to those in the unstrained j3d; however, the 
second pyridine ring is rotated away from the position anti 
to 05. Torsion angles N2-C7-C6-05 (-122.4°) and 
N2-C7-C6-01 (123.0) indicate that this pyridine ring is 
staggered between the two dioxolane oxygen atoms. The two
Figure II. ORTEP Stereopair of 8d.
Figure III. ORTEP Stereopair of 8b
pyridine rings thus form a dihedral angle of 66.8°. The 
dioxolane ring itself deviates much more from planarity 
than that of J3d: the sum of intraannular torsion angle 
magnitudes is 103°. The conformation of the five-membered 
ring is an approximate envelope in which C16 is at the
Oflap. Average lengths for various bond types are 1.332A
O Ofor C-N, 1.378A for aromatic C-C, 1.493A for aliphatic
OC-C, and 1.426A for C(tetrahedral)-0. The pyridine rings
Oare planar to within 0.016A. Bond lengths and bond 
angles are listed in Table X; the nonhydrogen atom coor­
dinates are compiled in Table XI.
Sequential displacement of bromide and the slow rate 
of heteroaromatic nucleophilic substitution, even at 
elevated temperatures (140°C), result in the isolation of
numerous open-chain substances irrespective of 
49reaction. Several compounds obtained from treatment of 
2  with the disodium salt of diethylene glycol were fully 
characterized; other uncyclized materials were identified 
solely by their characteristic NMR spectra and were 
not dealt with further. '
The NMR spectra of open-chain pyridyl ketals that 
possess at least one set of unsymmetrically substituted 
pyridine rings (12-14) are quite distinctive: two or more 
groups of first-order heteroaromatic patterns are observed. 
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with a 6-oxygen atom (H-4 farthest downfield) and the
second, shifted downfield with respect to the first, is
essentially identical to the spectrum of 1_ (H-3 farthest 
downfield). Furthermore, the ketal signal exists as a 
complicated multiplet, whereas in the symmetrically 
substituted compounds it appeared as a broad singlet. Yet 
another diagnostic feature is provided by the presence of a
terminal glycol, as in and 1A_, the various methylenes of
which resonate at different frequencies and integrate for 
only two protons each. For _14, symmetrical substitution 
renders the ketal signal a broad singlet; however, upfield 
resonances for the terminal glycols are quite conclusive.
Bromo substitution is also evidenced in the mass 
spectral data by the characteristic molecular fragments and 
isotopic abundance patterns. When a molecular ion is 
observed, determination of the number of bromines is 
facilitated and serves to corroborate the NMR data.
Finally, the IR spectra of 11-13 exhibit a band at 
approximately 800cm-1 that is associated with a C-Br 
stretch.
As was the case for several of the macrocycles, 14̂  
also sequesters and retains CHCl^ even at 200°(GC/MS).
Attempts to prepare thioether analogues of J3 and j) met 
with minimal success: the only macrocycle isolated (1%) was 
17, from reaction of 7 with b i s (2-mercaptoethyl) ether.
Dioxolane 1_ was recovered quantitatively from the reaction
with b i s (2-mercaptoethyl) sulfide and constituted the major
fraction isolated from reactions with b i s (2-mercaptoethyl)
ether (14%) and 1,2-ethanedithiol (22%) (Scheme VI).
Open-chain compounds possessing terminal bromines
[bis (pyridyl)dioxolanes: dithiol (2:1)] were the only other
products obtained. Several uncyclized disulfides were
identified by NMR, but these arose from air oxidation
50during purification, and were not fully characterized. 
Scheme VI
HSCH.CH-SH
As demonstrated in the case of 2,6-pyridino 
50 -macrocycles, RO must be a better nucleophile than 
RS~ under these reaction conditions, although studies
51performed in MeOH or HMPA indicate the reverse trend. 
Whatever the cause of this effect, the result is certainly 
clear: polyether macrocycles are formed under the prevail­
ing conditions whereas thioether macrocycles generally are 
not. Thus, although a smaller C-S-C V£. C-O-C bond angle 
should favor formation of the 14-membered ring of 1_7 over 
that of the corresponding C,O-macrocycle, it is _8b that is 
generated in the highest relative yield. [_8b was isolated 
from reactions of tri- and tetraethylene glycols, but not 
from that of diethylene glycol, which was conducted at 
higher concentration]. The reported yield (1%) is based on 
dioxolane; if based on the available diethylene glycol, 
which arose by fragmentation of the larger oligomer, the 
yield would be considerably greater. The yield reported 
for 1_7 is based on dioxolane as well, but in the presence 
of a slight excess of dithiol.
The best explanation for these results is in terms of 
52the template effect. Strong coordination of oxygens to
alkali metal ions favorably organizes the various reacting
species and so accounts for the relatively high yields of
53-55the polyethylene glycol macrocycles. In contrast,
thioethers coordinate alkali metal ions much more weakly, 
and the competition between macrocyclization and linear 
polymerization becomes dominated by statistical consider-
The NMR spectra of the sulfur analogues reflect
inherent differences in electronegativity, polarizability, 
and bonding character between sulfur and oxygen.
Macrocycle 1_7 exhibits three doublets of doublets for its 
aromatic protons at 67.18, 7.40, and 7.52 for H-5, H-3, and 
H-4, respectively. The broad singlet for the ketal 
methylenes appears at 6 4.14 and the a- and 8-protons appear 
as two doublets of doublets at 63.68 and 3.18, respec­
tively. Thus, substitution of sulfur for oxygen adjacent 
to the pyridine rings produces a significant downfield 
shift (A6=0.5) for H-5 and a concomitant upfield shift (A6 
=0.6) for the a-protons. The rigidity and bond
glocalization engendered by imidate bonding must be 
diminished when sulfur adjoins the
pyridine ring. Similarly, the reduced electronegativity of 
sulfur compared to that of oxygen provides little 
deshielding at the a-methylene protons.
Completely analogous to the spectra of _12 and 16, 
those for ljB and 3̂ 9 show two sets of aromatic resonances 
and a multiplet for the ketal signal, indicative of the 
asymmetry. Protons on the S-substituted rings resonate
upfield from those on the Br-substituted rings and whereas 
H-4 provides the lowest-field signal for the former group, 
H -3' does so for the latter.
Limited data preclude assessment of general mass 
spectral trends, but selected comparisons with the oxygen 
systems can be made. (1) The molecular ion is observed for 
17, but not for either uncyclized compound. (2) The base 
peak for 1_7, inferred to be a bis (pyridinthione) dioxolane, 
can arise from a double-McLafferty rearrangement. (3) In 
the spectra of _18 and 19_, peaks of roughly equal intensity 
separated by 2 mass units corroborate the presence of a 
bromine atom. (4) No evidence for sequestered CHCl^ is 
apparent.
Individual ketal coronands were converted to the 
corresponding ketone coro.nands 2_0 upon treatment with a 
refluxing mixture of 1:1 MeOH/6M HC1 for 72 hours. The
a , n=l
20 —  • n = 2c, n=3
d, n=4
e, n=5
solution turned bright yellow during the reaction, but the 
identity of the yellow compound was never ascertained. In
PI IQ
order to obtain additional material, the reaction of 
dioxolane 7_ with triethylene glycol was repeated, then 
hydrolyzed without isolation of the ketal coronands. From 




diketone coronands: 21a and 21b. As described in previous
sections, the formation of 2:2-ketal macrocycles was quite
common. Like 9%, compound 21b must have arisen from one
41glycol that had undergone fragmentation.
The NMR spectra of the ketones were quite 
distinct from those of j3. NMR data for the compounds
are compiled in Table V. Other physical data are listed in 
Table VI. Compared to their relative positions in the 
spectra of the ketals, H-3 and H-4 experienced a downfield 
shift (A6=0.2) to average values of 67.56 and 7.75,
respectively. The H-5 proton was more strongly affected; 
it shifted downfield (A6s0.3) to an average value of 67.78. 
The general diamagnetic shift reflects the increased 
electron-withdrawing character of the pyridyl ketone group 
with respect to a pyridyl ketal. This effect is a 
consequence of the delocalization of 7r-electron density 
from the pyridine rings onto the carbonyl oxygen.
The mass spectra of _20 showed molecular ions of 
substantial intensity (20-40%). For all but 20b, the base 
peak (m/e 216) was assigned the structure of a
bi s (pyridinone) ketone, likely to arise from a double 
McLafferty rearrangement. All of these compounds displayed 
a greenish-brown color when illuminated on a TLC plate at 
366nm.
Ketone coronand 20e was shown to be anhydrous by 
elemental analysis, but upon treatment with a mixture of 
Me2CH0H/H20 was transformed to the crystalline 
monohydrate. Complex 20e‘H2Q exists in the crystal in 
a conformation that approximates C2 symmetry (Figure IV). 
The pyridine rings are twisted out of the carbonyl plane by
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Table  V. NMR Data f o r  Ketone Macrocycles 20.
Cmpd 4-pyH 3-pyH 5-pyH a B
20a 7 .7 6 7 .5 8  . 6 .8 8 4 .5 8 3 .7 6 -
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 8 ) ( 8 . 3 , 1 . 8 ) ( 5 . 5 ) ( 5 . 5 )
20b 7 .6 8 7 .4 5 6 .5 7 4 .3 5 3 .7 0 3 .6 0
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 8 ) ( 8 . 3 , 1 . 8 ) (m) (m) (s )
20c 7 .8 2 7 .6 2 7 .0 0 4 .4 3 3 .7 5 3 .64
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 0 ) ( 8 . 3 , 1 . 0 ) (m) (m) (m)
20d 7 .7 4 7 .5 8 6 .9 7 4 .3 6 3 .8 0 3 .6 4
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 0 ) ( 8 . 3 , 1 . 0 ) (m) (m) (m)
20e 7.7k 7 .5 8 6 .9 7 4 .1 5 3 .5 8 3 .43
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 0 ) ( 8 . 3 , 1 . 0 ) (m) (m) (m)
21a 7 .7 2 7 .5 7 6 .9 5 4 .3 7 3 .7 6 3 .62
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 0 ) ( 8 . 3 , 1 . 0 ) (m) (m) (s)
7.71 6 .9 3
( 8 . 3 , 7 . 3 ) ( 8 . 3 , 1 . 0 )
21b 7 .7 6 7 .6 5 6 .8 3 4.41 3 .37
( 8 . 3 , 7 . 3 ) ( 7 . 3 , 1 . 0 ) ( 8 . 3 , 1 . 0 ) (m) (m)
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Table V I . Physica l Data f o r  Ketone and Carbinol Macrocycles 20 and 23.
Gnpd % MP(°C) IR MS m/e ( r e l . i n t . )
(C=0) P.yr
20a 1 1 2 1 .5 -1 2 2 1669 1585 1463 286 (20 ) 216(100)
20b 63 9 5 .5 - 9 6 .5 1682 1580 1431 33 0 (2 0 ) 243(100)
20c 53 133-134 1666 1585 1442 374 (32 ) 216(100)
20d 73 6 9 -7 0 .5 1667 1585 1460 41 8 (3 4 ) 216(100)
20e 83 5 4 .5 - 5 6 1666 1585 1460 462 (35 ) 216(100)
21a 1 140-141 1673 1585 1456 61 6 (3 8 ) 216(100)
21b 1 1 6 9 .5 -1 7 0 1676 1586 1454 66 0 (3 6 ) 216(100)
23a 79 o i  1 1600 1460 288(100) 232(93 )
23b 81 o i l 1592 1456 332(100) 232(91 )
23c 80 oi 1 1595 1453 376 (100 ) 232(89 )
23d 77 o i l 1599 1459 420 (1 0 0 ) 232(92 )
23e 75 oi 1 1600 1457 464 (1 0 0 ) 232(84 )
an average of 34.6°, and the five oxygen atoms 03-07 lie in
0 Oa plane to within 0.6A. The water 09 lies 1.34A out of 
this plane, making its closest contact with the central
Obridge oxygen atom 05 (05*'*09=3.00A). Contacts with
O01, 02, 03, and 04 range from 3.19-3.61A , generally too
long for hydrogen bonding. This water molecule is also
located in a well-defined position and has reasonable
thermal parameters. The residual electron density 
°-3(0.12-0.20e A ) around 09 is indicative of disorder of 
the hydrogen atoms.
Ketone coronand 20c crystallized easily from a mixture 
of CHCl^ and aqueous EtOH to afford large, colorless 
crystals that display no evidence of qomplexed water. The 
macrocycle exists in the crystal in a conformation of 
approximate C2 symmetry (Figure V ) . The pyridine rings 
twist out of the carbonyl plane by an average of 30.1°, and 
the linkage of polyether to pyridine (imidate) is cis to 
nitrogen (average N-C-O-C torsion angle =5.0°) in both 
cases. The two nitrogen and five ether oxygen atoms are
Owithin 0.23A of their best plane.
Comparison of the X-ray crystal structure of the water
complex of 20e with those of similar macrocycles that do
not possess water (20c and 22b) and with that of a
59benzylammonium cation complex of 18-crown-6 (22a) 
suggests a structural parameter that enables these
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Figure IV. ORTEP of 20e.
coronands to encircle a water molecule. Compounds 22a and 
22b illustrate the differences in conformation of the 
complexed and free forms of a single ligand.
With respect to the section of polyether from 0-1 to 
O-III, the conformation of 20c corresponds to that of 22b, 
as would be expected for optimum electrostatic 
interactions. Alleviation of disadvantageous electrostatic 
interactions by the presence of a hydrogen bond allows the 
polyether chain of 20e to assume the conformation found in 
22a. In each example, the distance from O-II to the 
adjacent oxygen atoms (O-I and O-III) is quite similar, on
Othe order of 2.8A. The O-I to O-III separations,
O Ohowever, vary significantly (20e, 5.022A; 22a, 4.84A
O Ovs. 20c, 4.258A; 22b, 4.534A), as do the torsion angles 
0^ and especially 0g (Figure VI).
The ability of these coronands to encircle a water 
molecule depends on both the conformation of the polyether 
chain and on the inherent spacing produced by the 
heteroaromatic moiety. This combination of conformation 
and spacing in 20e creates a distinct cavity in the central 
portion of the host and apparently provides sufficient 
space in the extreme ether portion so that the water can 
hydrogen bond well.
Reduction of ketone macrocycles 2Q with NaBH^ in 




Figure VI. Critical Torsion Angles (°) and Distances













































b, n= 2  
23 c, n= 3
d, n=4
e , n=5
viscous oils rapidly oxidized in air back to the 
corresponding ketones.
The NMR spectra of the carbinols exhibited an 
aromatic region in which all of the resonances were moved 
upfield (A6s0.2) with respect to their position in the 
parent ketal compounds. A broad singlet in the range 
6 5.55-5.65 marked the methine hydrogen between the pyridine 
rings. As a consequence of the molecular dissymmetry, the 
ct-methylene protons of 23a-c were divided into two groups: 
64.7 and 64.15-4.35. Complete data are listed in Table 
VII. Other physical data are in Table VI.
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Table V I I .  NMR Data f o r  Carb ino l Macrocycles 23 .
Cmpd 4-pyH 3-pyH 5-pyH CHO a 6 Y ( 6 , e , | )
23a 7 .3 8 6 .7 9 6 .4 2 5 .5 0 4 . 7 0 / 4 . 1 5 3 .7 5 -
( 8 . 0 , 7 . 2 ) ( 7 . 2 , 2 . 0 ) ( 8 . 0 , 2 . 0 ) (bs) (m) (m)
23ba 7 .4 5 6 .8 4 6 .5 4 5 .5 5 4 . 7 3 / 4 . 1 6 3 .5 8 -
( 8 . 0 , 7 . 2 ) ( 7 . 2 , 2 . 0 ) ( 8 . 0 , 2 . 0 ) (bs) (m) (m)
23c 7 .53 6.91 6 .6 5 5 .6 2 4 . 6 7 / 4 . 3 5 3 .7 9 3 .7 5
( 8 . 5 , 7 . 9 ) ( 7 . 9 , 2 . 0 ) ( 8 . 5 , 2 . 0 ) (bs) (m) (m) (m)
23d 7 .5 3 6 .9 2 6 .6 5 5 .6 2 4 .4 9 3 .8 2 3 .0
( 8 . 5 , 7 . 9 ) ( 7 . 9 , 2 . 0 ) ( 8 . 5 , 2 . 0 ) (bs) (m) (m) (m)
23e 7 .5 5 6 .9 9 6 .6 7 5 .6 5 4 .4 8 3 .8 0 3 .5 9
( 8 . 5 , 7 . 9 ) ( 7 . 9 , 2 . 0 ) ( 8 . 5 , 2 . 0 ) (bs) (m) (m) (m)
a4 . 62 (OH).
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EXPERIMENTAL SECTION.
General Comments. The basic procedures described in 
Chapter were followed in these experiments.
Toluene and xylene were distilled from sodium wire
under a nitrogen or argon atmosphere. Sodium hydride (57%
oil dispersion) was washed with anhydrous petroleum ether
(bp 30-60°C) and dried in vacuo prior to the reaction.
Ethylene glycol and di-, tri-, and tetraethylene glycols
were purchased from Aldrich Chemical Company. The penta-
24and hexaethylene glycols were acquired from Columbia 
Organic Chemicals, Inc.
Bis(6-bromo-2-pyridyl) ketone (6 ) was prepared as in 
Chapter 1.
2,2-Bis(6 1-bromo-21-pyridyl)-1,3-dioxolane (7) was 
sinthesized by the same, procedure detailed in Chapter 1.
Reaction of 2,2-Bis (6 1-bromo-21-pyridyl)-1,3-dioxolane 
(7) with Hexaethylene Glycol. A General Macrocycle 
Preparation. Method A . A suspension of oil-free NaH 
(120mg, 5mmol) in anhydrous xylene (50mL) was stirred under 
a N 2 atmosphere for 10 minutes. Addition of hexaethylene 
glycol (705mg, 2.5mmol) in xylene (25mL) resulted in the 
formation of a viscous grey mass and vigorous evolution of 
hydrogen. After 30 minutes, all effervescence had ceased 
and solid £ (960mg, 2.5mmol) was added, followed by xylene 
(25mL). The mixture was refluxed for 24 hours, carefully
quenched with 1^0, and concentrated in vacuo. The 
aqueous slurry was extracted with C I ^ C ^  (DCM, 4 x 75 
mL) and the organic phase was dried over anhydrous MgSO^ 
and evaporated in vacuo to give a yellow oil, which was 
chromatographed (ThLC) on silica. Three elutions with EtOAc 
gave four major fractions:
Fraction A was recrystallized from a minimum of 
in EtOH to yield 8 e, as colorless massive 
crystals: 70mg (6 %); Rf=0.41; IR (KBr) 1455, 1594cm-1;
MS m/e 462 (M+ , 1.8), 166 (CgHgNC^, 100); Anal.
Calcd. for C 2 3 H 3 0 N 2 Og‘^ O :  C, 58.60; H, 6.58;
N, 5.94. Found: C, 58.79; H, 6.74; N, 5.48.
Fraction B afforded 8!f, as a colorless oil: 470mg
(37%); R f=0.34; Anal. Calcd. for C25H34N2°9: C '
59.29; H, 6.72; N, 5.53. Found: C, 59.03; H, 6.83; N,
5.79.
Fraction C gave the unsymmetrical 9£, as a colorless 
oil: 170mg (7%); R f=0.19 ; 1H NMR 63.61 (m, y-£
-CH2 , 28H) , 3.69 (t, B-CI^, J=4.9Hz, 8 H) , 4.16 (bs, 
ketal-CH2 , 8 H), 4.32 (t, a-, a'-CH2 , J=4.9Hz, 8 H), 6.67 
(dd, 5-pyH, J=7.9, 1.2Hz, 4H), 7.28 (dd, 3-pyH, J=7.3, 
1.2Hz, 4H), 7.57 (dd, 4-pyH, J=7.9, 7.3Hz, 4H); IR (neat) 
1460, 1592cm-1; MS m/e 166 (CgHgN03 , _100) ; Anal.
Calcd. for C 4 8 H 6 4 N 4 ° 1 7 : 59.50;H, 6.61; N, 5.79.
Found: C, 59.81; H, 6.43; N, 5.57.
Fraction D produced JJf, as a light yellow oil: 430mg
(17%); R^=0.02; Anal. Calcd. for
C50H68N4°18’CHC13 : C ' 54*09' H ' 6 -10; N ' 4 -95-
Found: C, 54.17; H, 5.92; N, 4.78.
Method B . To a stirred suspension of oil-free NaH
(4 80mg, 20mmol) in anhydrous toluene (50mL) under a ^
atmosphere, hexaethylene glycol (2.82g, lOmmol) in toluene 
(25mL) was added slowly. The heterogeneous mixture was 
stirred at 25°C for 30 minutes, at which time no further 
evolution of hydrogen was observed. Solid 1_ (3.86g, 
lOmmol) was added, followed by the addition of toluene 
(25mL). The mixture was stirred at 95°C for 3 days. Water 
was cautiously added to the cooled solution in order to 
decompose any excess NaH and the organic solvent was 
removed in vacuo. The remaining aqueous slurry was extrac­
ted with CH 2 CI 2 (4 x 75mL) and the combined organic 
extract was dried over anhydrous MgSO^ and concentrated 
in vacuo to give a viscous yellowish oil that was chromato­
graphed (ThLC) on silica. Elution with 5% EtOH in Et 2 0  
afforded seven fractions that could be well-characterized:
Fraction A was recrystallized from EtOH and H 2 O to 
give j3d, as colorless prisms: 164mg (0.4%); R^=0.91;
Anal. Calcd. for <-21H26IiI2<̂ 7: 60.29; H, 6.22; N,
6.70. Found: C, 60.13; H, 6.53; N, 6.41.
Fraction B was recrystallized from EtOH and H 2 O to 
give 8 e, as evidenced by physical and spectral data: 30mg
(0.6%); Rf=0.8 6 .
Fraction C had NMR and MS data consistent with that of 
8 f: 80mg (2%); Rf=0.81.
Fraction D exhibited spectral properties in accordance 
with those of 9c[: 62mg (0.6%); R^O.56.
Fraction E gave 9f according to TLC, NMR, and MS 
information: 97mg (1%); R^=0.43.
Fraction F yielded 10b, as a brownish oil: 674mg
(4%); Rf=0.08; 1H NMR 63.53 (m, y- S-CH2 , 48H), 3.70 
(t, 6 -CH2 , J=4.9Hz, 12H) , 4.16 (bs, ketal-CH2 , 12H),
4.33 (t, a-CH2 , J=4. 9Hz, 12H) , 6.67 (dd, 5-pyiI, J=7.9, 
1.2Hz, 6 H ), 7.26 (dd, 3-pyH, J=7.3, 1.2Hz, 6 H), 7.56 (dd,
4-pyH, J=7.9, 7.3Hz, 6 H); IR (neat) 1454, 1592cm-1; MS 
m/e 166 (CgHgN03 , 100); Anal. Calcd. for
C75H102N6 ° 2 7 CHC13 : C ' 55*69' H ' 6 *29? N '
5.13. Found: C, 55.44; H, 6.60; N, 5.39.
Fraction G gave the 4:4-coronand JLJL, as a brownish 
oil: 25mg (0.1%); R f=0.002 (5EE); 1H NMR 63.62 (m, y-K 
-CH2, 64H), 3.55 (t, 6 -CH2 , J=4.9Hz, 16H), 4.16 (bs, 
ketal-CH2 , 16H) , 4.33 (t, ct-CH2 , J=4.9Hz, 16H) , 6.67 
(dd, 5-pyH, J=7.9, 1.2 Hz, 8 H), 7.26 (dd, 3-pyH, J=7.3, 
1.2Hz, 8 H), 7.56 (dd, 4-pyH, J=7.9, 7.3Hz, 8 H); IR (neat) 
1456, 1597cm-1; MS m/e 166 (CgHgN03 , 100); Anal.
Calcd. for c10oH136N 8°36: C ' 59'29; H ' 6-72? N '
5.53. Found: C, 59.62; H, 6.98; N, 5.34.
Reaction of 2,2-Bis (6 *-bromo-21-pyridyl)-1,3-dioxolane 
(7) with Pentaethylene Glycol. The general procedure 
(Method A) was followed except for the substitution of 
pentaethylene glycol (595mg, 2.5iranol). Standard treatment 
of the mixture produced a yellowish oil that was chromato­
graphed (ThLC) on silica. Elution with 5% EtOH/Et2 0  
gave four major components:
Fraction A was recrystallized from EtOH and ^ 0  to 
yield 8 c, as colorless needles: 9mg (1%); R^=0.81; Anal.
Calcd. for c i9H22N2°6: C ' 60*9^' H ' 5 *8 8 ; N, 7.49.
Found: C, 60.85; H, 5.92; N, 7.27.
Fraction B had physical and spectral properties 
consistent with those of 8 d: 59mg (5.6%); Rf=0.61.
Fraction C was identical to 8 e according to TLC, NMR, 
and MS: 304mg (26%); Rf=0.39.
Fraction D yielded j)e, as a colorless oil: 310mg (13%);
Rf= 0.12; Anal. Calcd. for C4gH60N4O16: C '
59.74; H, 6.49; N, 6.06. Found: C, 59.47; H, 6 .6 8 ; N,
6.32.
Reaction of 2,2-Bis(6 '-bromo-21-pyridyl)-1,3-dioxolane
(7) with Tetraethylene Glycol. The reaction was conducted
according to the general procedure (A or B) except for the
substitution of tetraethylene glycol (485mg, 2.5mmol). The
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resulting yellowish oil was chromatographed (ThLC) on 
silica. Two elutions with 5% EtOH/CHCl^ produced four 
major components:
Fraction A was recrystallized from EtOH and ^ 0  to 
afford 8 b, as colorless prisms: lOmg (1%); mp 123-123.5°C;
R^=0.98; Anal. Calcd. for C^H^g^O,.: C, 61.82;
H, 5.45; N, 8.49. Found: C, 61.59; H, 5.53; N, 8.38.
Fraction B was identified as J3c on the basis of
physical and spectral data: 72mg (7%); R^=0.79.
Fraction C possessed mp, NMR, and MS properties 
consistent with those of 8 d: 41mg (39%); R^=0.58 .
Fraction D afforded 9d, a colorless oil: 30mg (14%);
R^=0.15; Anal. Calcd. for ('42H52N4°14: C ' 60.29;
H, 6.22; N, 6.70. Found: C, 60.54; H, 6.11; N, 6.92.
Reaction of 2,2-Bis(6 1-bromo-2'-pyridyl)-1,3-dioxolane 
(7) with Triethylene Glycol. The general procedure B was 
used with NaH (105.6mg, 4.4mmol), triethylene glycol 
(330mg, 2.2mmol), and solid 1_ (860mg, 2.2mmol). The 
mixture was stirred at 70°C for 15 days. The resulting 
yellowish semi-solid was chromatographed (ThLC) on silica. 
Three elutions with Et20 provided four major fractions: 
Fraction A was jto, as evidenced by mp, NMR, and MS 
data: 8 mg (1 %); R£=0.98.
Fraction B gave the starting ketal l_i 200mg (24%); mp 
146-147°C; Rf=0.83.
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Fraction C afforded jBc, based on physical and spectral 
information: 26mg (27%); R^=0.79.
Fraction D yielded j)c, as a colorless oil: 186mg
(11%); Rf=0.23; Anal. Calcd. for C 3 gH 4 4 N 4 °i 2 : C '
60.96; H, 5.88; N, 7.49. Found: C, 60.65; H, 6.12; N,
7.63.
Several open-chain fractions were also isolated but 
characterized only by NMR.
Reaction of 2,2-Bis (6 1-bromo-21-pyridyl)-1,3-dioxolane 
(7) with Diethylene Glycol. General procedure B was 
followed, except for the altered reagents: NaH (250mg, 
lOmmol) , diethylene glycol (532mg, 5mmol) , and solid _7 
(1.93g, 5mmol). The mixture was stirred at 70°C for 2 
days, cooled, and treated in the manner described above.
The yellowish semi-solid was chromatographed (ThLC) on 
silica. Elution with Et20 afforded numerous open-chain 
compounds and several macrocycles.
Fraction A was unchanged starting material 1_\ 152mg,
(8 %); Rf=0.77.
Fraction B gave 9b, as a colorless oil: 26.5mg
(0.8%); R^=0.64; Anal. Calcd. for C 3 4 H 3 6 N 4 °iq:
C, 61.82; H, 5.45; N, 8.48. Found: C, 62.10; H, 5.32, N,
8.24.
Fraction C afforded 12a, as a colorless oil: 43mg
(1%); Rf=0.64; 1H NMR 63.65 (t, 6 -CH2 , J=4.8Hz, 4H),
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4.15 (m, ketal-CH2, 8 H) , 4.27 (t, <x-CH2 , J=4.8Hz, 4H) ,
6.65 (dd, 5-pyH, J=7.9, 1.2Hz, 2H) , 7.35 (dd, 3-pyH, J=7.3, 
1.2Hz, 2H), 7.37 (dd, 5'-pyH, J=7.9, 1.2Hz, 2H), 7.55 (m, 
4,4'-pyH, 4H), 7.70 (dd, 3'-pyH, J=7.3, 1.2Hz, 2H); IR 
(neat) 1455, 1590, 806cm 3; MS m/e 351
(C15H148lBrN2°3' — } ' 3 4 9  (C15H1479BrN2°3'
96.8), 166 (CgHgNO-j, 43.4); Anal. Calcd. for
C30H28Br2N4°7*CH2C12 : C ' 46*44; H ' 3.74;
N, 6.99. Found: C, 46.14; H, 3.72; N, 6.99.
Fraction D gave 13a, as a colorless oil: 14mg (0.7%);
Rf=0.41; 1H NMR 63.58 (m, 6 -CH2 , 2H), 3.71 (m,
6 ,y-CH2 , 4H), 4.16 (m, ketal-CH2 , 4H), 4.32 (m,
ct-CH2 , 2H) , 6.69 (dd, 5-pyH, 3=1.9, 1.2Hz, 1H) , 7.37 (dd,
3-pyH, J=7.3, 1.2Hz, 1H), 7.40 (dd, 5 ’-pyH, J=7.9, 1.2Hz,
1H), 7.56 (dd, 4-pyH, J=7.9, 7.3Hz, 1H), 7.60 (dd, 4 ’-pyH,
J=7.9, 7.3Hz, 1H), 7.71 (dd, 3'-pyH, J=7.3, 1.2Hz, 1H); IR
— 1 4* R 1(neat) 1456, 1586, 802cm ; MS m/e 412 (M , Br,
0.1), 166 (CgHgNOg, 100); Anal. Calcd. for 
C 1 7 H 1 8 BrN 2 05 : C, 49.63; H, 4.62; N, 6.81. Found:
C, 49.80; H, 4.84; N, 6 .8 6 .
Fraction E yielded 12b, as a colorless oil: 78mg
(1.5%); Rf=0.39; 1H NMR 63.66 (m, 6 ,8 '-CH2 , 8 H), 4.41 
(m, ketal-CH2 , 8 H), 4.16 (bs, ketal-CH2 , 4H), 4.29 (m, 
a,a'-CH2 , 8 H ), 6.65 (dd, 5,5'-pyH, J=7.9, 1.2Hz, 4H),
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7.26 (dd, 3-pyH, J=7.3, 1.2Hz, 2H), 7.34 (dd, 3'-pyH,
J=7.3, 1.2Hz, 2H) , 7.36 (dd, 5"-pyH, J=7.9, 1.2Hz, 2H) , 
7.55 (m, 4,4',4"-pyH, 6 H), 7.70 (dd, 3"-pyH, J=7.3, 1.2Hz, 
2H); IR (neat) 1454, 1588, 804cm"1; Anal. Calcd. for 
C 4 7 H 4 6 Br 2 N 6 012: C, 53.92; H, 4.40; N, 8.03.
Found: C, 54.21; H, 4.19; N, 8.30.
Fraction F afforded 10a, as a colorless oil: 23mg
(0.5%); Rf=0.29; 1H NMR 63.55 (t, 8 -CH2 , J=4.9Hz,
12H) , 4.15 (bs, ketal-CH2 , 12H) , 4.25 (t, cx-CH2 ,
J=4.9Hz, 12H), 6.60 (dd, 5-pyH, J=7.9, 1.2Hz, 6 H), 7.26 
(dd, 3-pyH, J=7.3, 1.2Hz, 6 H), 7.52 (dd, 4-pyH, J=7.9, 
7.3Hz, 6 H); IR (neat) 1457, 1591cm"1; MS m/e 166
(CgHgN0 3 , 1 0 0 ).
Fraction G provided 13b, as colorless oil: 30.5mg
(1%); Rf=0.16; 1H NMR 63.55 (m, 6 -CH2 , 2H), 3.68 (m,
8 , Y -CH2 , 8 H) , 4.16 (m, ketal'-CI^, 4H) , 4.17 (bs, 
ketal-CH2, 4H) , 4.31 (m, cx-CH2 , 6 H) , 6 . 6 6  (dd, 5-pyH,
J=7.9, 1.2Hz, 2H), 6.67 (dd, 5'-pyH, J=7.9, 1.2Hz, 1H), 
7.32 (m, 3, 3 1 ,5"-pyH, 4H), 7.55 (m, 4, 4', 4"-pyH, 4H), 
7.70 (dd, 3"-pyH, J=7.3, 1.2Hz, 1H); IR (neat) 1456, 1591, 
802cm"1; MS m/e 166 (CgHgNOg, 100); Anal. Calcd. 
for Cg 4 H 3 3 BrNgC>34: C, 57.25; H, 4.97; N, 8.18.
Found: C, 57.55; H, 4.75; N, 8.49.
Fraction H yielded 14_, as a colorless oil: 124mg
(2%); Rf= 0.14; 1H NMR 63.65 (m, 8 -CH2 , 10H), 4.12
(m, ketal-CH,,, 12H) , 4.34 (m, a,a '-C^, 10, 6.64 (m,
5, 5'-pyH, 5H), 7.25 (m, 3-pyH, 4H), 7.33 (dd, 3'-pyH,
J=7.3, 1.2Hz, 1H), 7.36 (dd, 5"-pyH, J=7.9, 1.2Hz, 1H), 
7.48-7.60 (m, 4,4',4"-pyH, 6 H), 7.69 (dd, 3"-pyH, J=7.3, 
1.2Hz, 1H); IR (neat) 1458, 1590, 800cm"1; MS m/e 166
(CgHgN03 , 16.7), 57 (CgHgO, 100); Anal. Calcd.
for C 4 9 H 5 1 BrN 6 014: C, 57.25; H, 4.97; N, 8.18.
Found: C, 57.55; H, 4.75; N, 8.49.
Fraction I afforded the symmetrical open-chain 
compound 17a, as a colorless oil: 6 mg (0.3%); R^=0.07;
1H NMR 63.55 (m, 6 -CH2, 4H), 3.71 (m, 6 , Y“CH2 , 8H) '
4.18 (bs, ketal-CH2 , 4H), 4.35 (m, a-CH2 , 4H), 6.69 
(dd, 5-pyH, J=7.9, 1.2Hz, 2H), 7.30 (dd, 3-pyH, J=7.3, 
1.2Hz, 2H), 7.60 (dd, 4-pyH, J=7.9 7.3Hz, 2H); IR (neat) 
1456, 1588cm"1; MS m/e 436 (M+ , 0.5), 166 
(CgHgNOg, 100); Anal. Calcd. for C 2 1 H 2 gN2 0g:
C, 57.80; H, 6.42; N, 6.42. Found: C, 58.09; H, 6.26; N,
6.72.
Fraction J gave 13c, as colorless oil: 25mg (0.5%);
Rf=0.06; 1H NMR 63.58 (m, 6 -CH2 , 2H), 3.68 (m, 8 ,Y 
-CH2 , 10H), 3.81 (m, 6 -CH2 , 2H), 4.15 (m, ketal-CH2 ,
12H), 4.30 (m, a,a'-CH2, 10H), 6.65 (m, 5,5'-pyH, 5H),
7.31 (m, 3,3',5"-pyH, 6 H), 7.55 (m, 4,4',4"-pyH, 6 H), 7.70 
(dd, 3"-pyH, J=7.3, 1.2Hz, 1H); IR (neat) 1461, 1590, 
805cm"1; MS m/e 166 (CgHgNOg, 100); Anal. Calcd.
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for C 5 1 H 5 5 BrN 6 015: C, 57.14; H, 5.14; N, 7.84.
Found: C, 56.89; H, 5.42; N, 7.67.
Fraction K was identified as the open-chain 15b, a 
colorless oil: 8 mg (0.2%); Rf=0.05; 1H NMR 63.55 (m,
6 -CH2 , 4H), 3.68 (m, 8 , Y"CH2 , 12H), 4.17 (bs, 
ketal-CH2 , 8 H ), 4.38 (m, a, a '-CH2 , 8 H), 6.67 (dd,
5-pyH, J=7.9, 1.2Hz, 4H), 7.27 (dd, 3-pyH, J=7.3, 1.2Hz,
4H), 7.57 (dd, 4-pyH, J=7.9, 7.3Hz, 4H); IR (neat) 1457, 
1592cm-1; MS m/e 166 (CgHgNOg, 100) ; Anal. Calcd. 
for C 3 5 H 4 6 N 4 0 1 3 *Et0H: C, 59.11; H, 6.40; N,
6.90. Found: C, 59.42; H, 6.29; N, 6.64.
Fraction L yielded 13d, as a colorless oil: 13mg
(0.2%); Rf=0.03; 1H NMR 63.54 (m, 6 -CH2 , 2H), 3.68 
(m, 6 , Y-CH2 , 16H), 4.15 (m, ketal-CH2 , 16H), 4.31 (m, 
a, ot'-CH2 , 14H) , 6.64 (m, 5,5'-pyH, 7H) , 7.24 (m, 3-pyH,
6 H), 7.34 (m, 3',5"-pyH, 2H), 7.55 (m, 4,4',4"-pyH, 8 H),
7.69 (dd, 3"-pyH, J=7.3, 1.2Hz, 1H); IR (neat) 1455, 1588, 
802cm-1; MS m/e 166 (CgHgNOg, 100); Anal. Calcd. 
for C 6 gH7 3 BrNgO20: C, 58.24; H, 5.21; N, 7.99.
Found: C, 58.56; H, 5.08; N, 8.21.
Reaction of 2,2-Bis(6 1-bromo-21-pyridyl)-1,3-dioxolane 
(7) with Ethylene Glycol. General procedure B was 
followed, except for the quantities: oil-free NaH (250mg, 
lOmmol), ethylene glycol (159mg, 1.5mmol), and solid 1_ 
(580mg, 1.5mmol). The mixture was refluxed for One week,
cooled, and handled according to the standard procedure to 
produce a yellowish oil that was chromatographed (ThLC) on 
silica. Two elutions with Et20 gave four major 
fractions:
Fraction A was recrystallized from CHCl^ and EtOH to 
yield unchanged 7_: 39mg (7%); R^=0.89.
Fraction B afforded the open-chain 2:1-compound 16a, 
as a colorless oil: 1. 2mg (0.1%); R^=0.56; "''H NMR 6 
4.17 (m, ketal-CH2 , 8 H) , 4.41 (bs, <x-CH2 , 4H) , 6.65 
(dd, 5-pyH, J=7.9, 1.2Hz, 2H), 7.26 (dd, 3-pyH, J= 7.3, 
1.2Hz, 2H), 7.34 (dd, 5'-pyH, J=7.9, 1.2Hz, 2H), 7.53 (m, 
4,4'-pyH, 4H), 7.70 (dd, 3'-pyH, J=7.3, 1.2Hz, 2H); IR 
(neat) 1456, 1590, 803cm-1; MS m/e 166 (CgHgN03 ,
100) ; Anal. Calcd. for C28H24Br2N4°6: C, 50.00;
H, 3.57; N, 8.33. Found: C, 49.78; H, 3.73; N, 8.11.
Fraction C gave the 3:2-compound 16b, as a colorless 
oil: 2. 8 mg (0.2%); Rf=0.48; 1H NMR <54.13 (m,
ketal-CH2 , 12H) , 4.40 (m, cx-CH2 , 8 H) , 6.64 (dd,
5/5'-pyH, J=7.9, 1.2Hz, 4H), 7.27 (m, 3,3'-pyH, 4H), 7.34 
(dd, 5"-pyH, J=7.9, 1.2Hz, 2H), 7.53 (m, 4,4',4"-pyH, 6 H ),
7.70 (dd, 3"-pyH, J=7.3, 1.2Hz, 2H); IR (neat) 1458, 1587, 
806cm-1; MS m/e 166 (CgHgNOg, 100); Anal. Calcd.
for C43H38Br2N 6°10: C ' 53*86'* H ' 3.97; N, 8.77.
Found: C, 53.56; H, 4.26; N, 8.93.
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Fraction D provided the desired 2:2 macrocycle 9a., as 
a colorless oil: 30mg (4%); Rf=0.40; Anal. Calcd. for
C30H28N4°8: c ' 62.94; H, 4.90; N, 9.79. Found:
C, 63.14; H, 4.76; N, 10.06.
Reaction of 2,2-Bis (6 1-bromo-2*-pyridyl)-1,3-dioxolane 
(7) with Bis (2- mercaptoethyl) Ether. The general 
procedure B was followed except for the substitution of 
b i s (2-mercaptoethyl) ether (345mg, 2.5mmol) and toluene as 
the solvent. Usual treatment of the cooled mixture 
resulted in a yellowish oil with a vile smell that was 
chromatographed (ThLC) on silica. Two elutions with Et 2 0  
produced three major components; numerous trace products 
were characterized by NMR only.
Fraction A afforded the desired macrocycle 197, as a 
colorless oil: llmg (1.2%); R^=0.96; NMR 63.18 (t,
B-CH2 , J= 6 .8 H z , 4H), 3.68 (t, a-CH2 , J= 6 .8 Hz, 4H), 4.14 
(bs, ketal-CH2 , 4H), 7.18 (dd, 5-pyH, J=7.9, 1.2Hz, 2H), 
7.40 (dd, 3-pyH, J=7.3, 1.2Hz, 2H), 7.52 (dd, 4-pyH, J=7.9, 
7.3Hz, 2H); IR (neat) 1460, 1591cm-1; MS m/e 362 (M+ ,
0.3), 292 (C1 3 H 1 2 N 2 0 2 S2 , JL00) , 1'36 
(CgHijN2 SO, 21.0); Anal. Calcd. for 
C 1 7 HlgN 2 03 S2 : C, 56.35; H, 4.97; N, 7.73.
Found: C, 56.09; H, 5.12; N, 7.92.
Fraction B possessed the same physical and spectral 
properties as the starting 1_: 135mg (14%); R^=0.89.
Fraction C yielded the 2:1-compound 1_8, as a colorless 
oil: 51mg (3%); Rf=0.7; 1H NMR 63.11 (t, B-CH2 ,
J= 6 .7Hz, 4H), 3.37 (t, cx-CH2 , J=6.7Hz, 4H), 4.14 (m, 
ketal-CH2 , 8 H), 7.08 m, 5-pyH, 2H), 7.36 (dd, 3-pyH,
J=7.3, 1.2Hz, 2H), 7.51 (m, 4,4',5'-pyH, 6 H ) , 7.74 (dd, 
3'-pyH, J=7.3, 1.2Hz, 2H); IR (neat) 1458, 1587, 801cm
O IMS m/e 367 (C1 5 H 1 4  B r N ^ S ,  42.0), 365
(C15H1479BrN2°2S' 43*9J' 340 
ft 1(C13H 11 BrN 2 ° 2 S ' 43.4), 338 
(C13Hll79BrN202S f 45.3), 182 (CgHgNC^S,
32.7), 158 (C5 H 3 8 1 BrN, 62.0), 156 (CgH-^BrN,
62.7), 136 (C^HgNS, 100); Anal. Calcd. for
C30H28Br2N 4°5S2 : C ' 48.13; H, 3.74; N, 7.49.
Found: C, 47.87; H, 3.55; N, 7.79.
Reaction of 2,2-Bis (6 1-bromo-21-pyridyl)-1,3-dioxolane 
(7) with Ethanedithiol. The general procedure B was 
followed except for the substitution of ethanedithiol 
(235mg, 2.5mmol) and toluene as the solvent; heating was 
continued for 21 days. The cooled mixture was handled 
according to the standard procedure to afford two major 
components:
Fraction A was unchanged l_i 215mg (22%); R^=0.63. 
Fraction B yielded the symmetrical open-chain lj), as a 
yellow oil: 16mg (1%); R f=0.35 (1 x Et 2 0); 1H NMR 6
4.13 (m, ketal-CH2 , S-CH2 , 12H), 7.17 (dd, 5-pyH,
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J=7.9, 0.9Hz, 2H), 7.38 (dd, 5 '-pyH, J=7.9, 0.9Hz, 2H),
7.52 (dd, 4,4'-pyH, J=7.9, 7.3Hz, 4H), 7.62 (dd, 3-pyH, 
J=7.3, 0.9Hz, 2H), 7.69 (dd, 3 '-pyH, J=7.3, 0.9Hz, 2H); IR
—  1 R 1(neat) 1458, 1590cm ; MS m/e 230 ( C g H ^ B r N C ^ ,
100), 228 (CgH7 7 9 BrN02 , 96.8); Anal. Calcd. for
C28H24Br2N 4°4S2 : C ' 47*73; H ' 3 -41»* N * 7.95.
Found: C, 47.47; H, 3.64; N, 8.25.
Reaction of 2,2-Bis (6 *-bromo-2'-pyridyl)-1,3-dioxolane 
(7) with Bis (2-mercaptoethyl) Sulfide. Adherence to the 
general procedure except for the substitution of bis; (2 -mer­
captoethyl) sulfide (385mg, 2.5mmol) and toluene as the 
solvent afforded only unchanged 1_.
Hydrolysis of Triethylene Glycol Ketal Macrocycle 8 c.
A General Procedure. A solution of 8c(70mg,0.2mmol), 
aqueous HC1 (lOmL, 6 M ) , and MeOH (lOmL) was refluxed for 72 
hours. After concentration in vacuo, the acidic residue 
was neutralized carefully with aqueous Na2COg (1 0 %) and 
extracted with CHClg (4x50mL). The combined organic 
extract was dried over MgSO^ and concentrated to afford 
macrocyclic ketone 2 0 b , which was recrystallized from 
CHClg/EtOH to give colorless massive crystals. Pertinent 
data are shown in Table VI.
Reduction of Diethylene Glycol Ketone Macrocycle 
(20a) . A General Procedure. To an ice-cooled solution of 
20a (28mg, O.lmmol) in MeOH (50mL) was added solid NaBH^
(380mg,lOmmol) at such a rate that the temperature did not 
rise above 10°C. The mixture was stirred for one hour at 
20°C, the refluxed for 12 hours. After concentration in 
vacuo, an aqueous solution of Na 2 CC>2 (20mL, 10%) was 
added and the slurry was refluxed for two hours. The 
cooled suspension was extracted with CHCl^ (4x50mL). The 
combined organic extract was dried over anhydrous MgSO^ 
and concentrated to give a yellow oil, which was 
chromatographed (ThLC) on silica; elution with 3% 
MeOH/CHCl^ afforded carbinol macrocycle 23a as a 
colorless oil. See Table VI for critical data.
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Table VIII. Bond Distances (A) and Angles (°) for 8d.
O
Atoms A o r  0 Atoms A or 0
N1-C1 1 .3 1 2 (4 ) C2-C3-C4 1 2 0 .4 9 (4 0 )
N1-C5 1 .3 4 6 (4 ) 04 -05 1 .3 6 9 (5 )
C1-N1-C5 1 1 6 .7 0 (3 2 ) C3-C4-C5 1 1 8 .1 7 (3 8 )
N2-C7 1 .3 4 4 (4 ) 05 -06 1 .5 2 ( 5 )
N2-C11 1 .3 2 0 ( 5 ) N1-C5-C4 1 2 3 .4 1 (3 7 )
C7-N2-C11 1 1 6 .9 6 (3 5 ) N1-C5-C6 1 1 3 .1 5 (3 3 )
81© 1 . 4 2 0 (4 ) C4-C5-C6 1 2 3 .2 9 (3 6 )
01-C20 1 .4 1 1 (6 ) C6-C7 1 .5 1 0 (6 )
C6-01-C20 1 0 6 .9 9 (4 0 ) 01 -C6-C7 1 0 7 .2 1 (3 1 )
02-C11 1 .3 5 1 (5 ) 01 -C6-C5 1 1 0 .2 5 (3 6 )
02-C12 1 .4 2 2 ( 5 ) 01 -C6-C7 1 1 0 .8 1 (3 3 )
C11-02-C12 1 1 6 .9 7 (3 1 ) 07-C6-C5 1 1 0 .3 0 (3 2 )
03-C13 1 .4 2 2 ( 4 ) 07-C6-C7 1 0 9 .3 7 (3 8 )
03 -014 1 .4 0 2 (5 ) C5-C6-C7 1 0 8 .8 9 (3 0 )
C13-03-C14 1 1 3 .9 2 (3 3 ) 07 -08 1 .3 8 5 (6 )
04 -015 1 .4 0 6 (7 ) N2-C7-C6 1 1 2 .9 6 (3 5 )
04 -016 1 .3 8 8 ( 7 ) N2-C7-C8 1 2 2 .7 2 (4 2 )
C15-04-C16 1 1 4 .1 3 (5 1 ) C6-C7-C8 1 2 4 .1 9 (4 2 )
05-017 1 .4 3 9 (7 ) 08 -09 1 .3 8 7 (7 )
05 -018 1 .3 8 7 ( 6 ) C7-C8-C9 1 1 8 .2 8 (4 7 )
C17-05-C18 1 1 4 .3 3 (5 2 ) C9-C10 1 .3 4 0 (7 )
06-01 1 .3 6 3 (4 ) C8-C9-C10 1 2 0 .2 5 (4 9 )
0 6 -019 1 .4 3 8 ( 5 ) C10-C11 1 .4 0 7 ( 6 )
C l -06 -0 1 9 1 1 8 .2 3 (3 1 ) C9-C10-C11 1 1 7 .6 1 (4 8 )
0 7 -06 1 .4 2 1 (4 ) N2-C11-02 1 1 8 .8 4 (3 6 )
07-021 1 .3 4 3 (6 ) N2-C11-C10 1 2 4 .1 0 (4 3 )
C6-07-C21 1 0 9 .6 8 (4 2 ) 0 2 -0 1 1 -01 0 1 1 7 .0 6 (4 0 )
01-N1 1 .3 1 2 (4 ) C12-C13 1 .4 8 8 (6 )
0 1 -06 1 .3 6 3 ( 4 ) 02 -0 1 2 -01 3 1 1 4 .6 9 (3 5 )
01-02 1 .4 0 0 ( 5 ) 03 -013 -012 1 0 9 .9 5 (3 5 )
N1-C1-06 1 1 9 .4 4 (3 4 ) C14-C15 1 .4 8 6 ( 7 )
N1-C1-C2 1 2 4 .7 2 (3 6 ) 03-C14-C15 1 1 6 .2 1 (4 5 )
0 6 -0 1 -0 2 1 1 5 .8 2 (3 6 ) 04-C15-C14 1 1 1 .5 8 (4 8 )
02-03 1 .3 6 6 (6 ) C16-C17 1 .4 6 7 (7 )
C1-C2-C3 1 1 6 .4 9 (3 9 ) 04-C16-C17 1 0 9 .7 8 (5 3 )
03 -04 1 .3 7 5 (6 ) 05-C7-C16 1 1 4 .5 5 (5 5 )
C18-C19 1 .5 3 0 ( 7 )
0 5 -0 1 8-C19 1 1 0 .9 1 (4 7 )
0 6 -0 1 9-C18 1 1 2 .3 5 (4 3 )
C20-C21 1 .4 6 7 (8 )
01-C20-C21 1 0 6 .0 6 (4 1 )
07 -0 2 1 -02 0 1 0 6 .7 5 (4 6 )
Table IX. Crystal Data and Coordinates of Nonhydrogen Atoms for 8d.
C H N 0 ,  MW= f̂18 . 5 ,  m on oc l in ic  space group P2 / c ,  £ = 9 . 0 5 1 ( 2 ) ,  b = 1 5 .8 0 0 ( 3 ) ,  
21 26 2 7 1 “
°  -3  - l
c = 1 4 .6 6 2 (4 )A ,  3 = 9 6 . 8 5 ( 2 ) ° ,  Z=4, D =1 .335g  cm ,  y(CuK ^ = 8 .51cm ,  R=0.061 fo r  
2411 observed data*
Atom X y




05 1.1636(3) 0 .0705(2)
06 1.0730(3) -0 .1051 (2 )
07 0.7650(3) -0.1121(2)
HI 0.8813(3) -0 .0924 (2 )
H2 0 .6 6 0 5 0 ) 0 .0727(2)
Cl 0.9268(4) -0 .1145 (2 )
C2 0.8346(4) -0 .1467 (2 )
C3 0.6874(5) -0 .1555(3 )
C4 0.6353(4) -0 .1323 (2 )
C5 0 .73S K 4) -0 .1013(2 )


















0.7308(4) 0 .0254(2) 0.3898(2)
0.8367(4) 0 .0582(3) 0 .4564(3)
0.8760(5) 0 .1426(3) 0 .4498(3)
0 .8102(4) 0.1909(3) 0.3816(3)
0 .6996(4) 0.1530(2) 0.3191(3)
0 .5077(4) 0 .1674(3) 0.1956(3)
0 .5488(4) 0 .1114(3) 0.1210(3)
0.6847(5) 0.1107(3) -0 .0073(3 )
0 .8340(6) 0 .0758(3) 0.0255(4)
0.9561(6) 0.1656(5) 0.1374(4)
1.1122(6) 0.1566(3) 0.1766(4)
1.1388(5) 0.0325(3) 0 .2685(3)
1.1691(4) -0 .0 6 27 (3 ) 0 .2659(3)
0 .5185(5) -0 .1233 (3 ) 0 .4658(3)
0.6663(7) -0 .1570 (4 ) 0.4988(3)
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Table X. Bond D is tances (A) and Angles ( ° )  and In te rm o le c u la r  Contacts f o r  8b.
0 0
Atoms A or ° Atoms A or °
o 1 o 1 . 4 1 9 ( 2 )
01-C16 1 .4 3 0 ( 2 ) 01-C6-C5 1 1 1 .0 4 (1 3 )
C6-01-C16 1 0 6 .7 2 (1 2 ) 01-C6-C7 1 0 6 .8 7 (1 2 )
02-C11 1 .3 6 7 (2 ) 05-C6-C5 1 08 .23 (11  )
02-C12 1 .4 3 5 ( 2 ) 05-C6-C7 1 0 9 .7 2 (1 3 )
C11-02-C12 1 1 6 .7 5 (1 3 ) C5-C6-C7 1 1 4 .6 0 (1 2 )
03-C13 1 .4 1 5 ( 2 ) C7-C8 1 .3 8 0 (2 )
03-C14 1 .4 1 7 ( 2 ) N2-C7-C6 1 1 7 .2 9 (1 4 )
C13-03-C14 1 1 3 .2 0 (1 3 ) N2-C7-C8 1 2 2 .4 0 (1 7 )
04-C1 1 .3 6 2 ( 2 ) C6-C7-C8 1 2 0 .3 1 (1 4 )
04-C15 1 .4 3 5 ( 2 ) C8-C9 1 .3 7 9 (3 )
C1- 04-C 15 1 1 9 .7 5 (1 2 ) C7-C8-C9 1 1 8 .4 4 (1 7 )
05 -C6 1 .4 4 0 ( 2 ) C9-C10 1 .3 6 9 (3 )
05-C17 1 .4 1 5 ( 2 ) C8-C9-C10 1 2 0 .0 9 (1 7 )
C6-05-C17 1 0 8 .3 0 (1 1 ) C10-C11 1 .3 8 7 (2 )
N1-C1 1 .3 1 4 ( 2 ) C9-C10-C11 1 1 7 .1 3 (1 7 )
N1-C5 1 .3 5 6 ( 2 ) 02-C11-N2 1 1 8 .6 3 (1 5 )
C1-N1-C5 1 1 6 .9 7 (1 3 ) 02-C11-C10 1 1 7 .3 4 (1 6 )
N2-C7 1 .3 3 7 ( 2 ) N2-C11-C10 1 2 4 .0 2 (1 6 )
N2-C11 1 .3 2 2 ( 2 ) C12-C13 1 .5 0 7 (2 )
C7-N2-C11 1 1 7 .8 4 (1 5 ) 02-C12-C13 1 0 9 .6 8 (1 4 )
C1-C2 1 .3 8 8 ( 2 ) 03-C13-C12 1 0 7 .9 6 (1 4 )
04-C1-N1 1 2 0 .6 5 (1 4 ) C14-C15 1 .5 0 3 (2 )
04-C1-C2 1 1 5 .0 3 (1 3 ) 03-C14-C15 1 1 3 .7 6 (1 3 )
N1-C1-C2 1 2 4 .3 0 (1 4 ) 04-C15-C14 1 0 9 .6 2 (1 3 )
C2-C3 1 .3 6 7 ( 2 ) C16-C17 1 .4 7 0 (3 )
C1-C2-C3 1 1 7 .7 9 (1 5 ) 01-C16-C17 1 0 3 .4 8 (1 5 )
C3-C 4 1 .3 8 9 ( 2 ) 05-C17-C16 1 0 5 .0 9 (1 2 )
C2-C3-C4 1 1 9 .2 6 (1 6 ) 0 1 o •G
* 3 . 4 1 8 ( 2 )
C4-C5 1 .3 6 4 ( 2 ) 03-C17 3 .4 9 2 ( 2 )
C3-C4-C5 1 1 8 .7 1 (1 4 )  , 04-C4 3 .3 6 2 ( 2 )
C5-C6 1 .5 2 2 ( 2 ) 04-C16 3 .3 4 6 ( 2 )
N1-C5-C4 1 2 2 .9 0 (1 4 ) 04-C17 3 .4 1 2 ( 2 )
N1-C5-C6 1 1 5 .9 8 (1 3 ) 05-C14 3 .4 9 0 ( 2 )
C4-C5-C6 1 2 1 .1 1 (1 3 )
C6-C7 1 .5 2 3 ( 3 )
01 -C 6-05 1 0 6 .0 5 (1 1 )
Table XI. Crystal Data and Coordinates of Nonhydrogen Atoms for 8b.
C H N 0 ,  MW=330.3, m on oc l in ic  space group P2 / n ,  a = 8 .9 1 9 ( 1 ) ,  b = 1 6 .6 3 6 (3 ) ,  
1 7 1 8 2 5  1 "  ““
c = 1 0 .397(1 )A, 3 = 9 2 . 1 5 ( 1 ) ° ,  Z= 4 ,  D =1 .423g cm p(MoK Ji=0.99cm ’ ]  R=0.033 fo r  
1771 observed d a ta .
Atom * z
01 0 .0504(1) 0.15709(9) 0.9001(1)
02 0 .4915(1) -0 .10446(9) 0.0732(1)
03 0.2043(1) 0.00953(9) 0 .6565(1)
04 0.3032(1) 0.16367(9) 0.5564(1)
OS 0.0434(1) 0.13164(9) 0.6044(1)
N1 0.5253(2) 0 .1447(1) 0.6769(1)
N2 0 .6069(2) 0.0045(1) 0 .0413(1)
Cl 0 .3970(2) 0.1031(1) 0 .6575(2)
C2 0 .3503(2) 0.2464(1) 0.7330(2)
C3 0.4392(2) 0.2679(1) 0.0373(2)
C4 0 .5725(2) 0.2267(1) 0.0627(2)
C5 0.6121(2) 0.1670(1) 0.7007(2)
C6 0.7606(2) 0.1226(1) 0.7997(2)
C7 0.7456(2) 0.0330(1) 0.0321(2)
C8 0 .0720(2) -0 .0 1 32 (1 ) 0.0519(2)
C9 0.0535(2) -0 .0927 (2 ) 0.0055(2)
CIO 0.7124(2) -0 .1237 (1 ) 0 .0965(2)
C ll 0 .5925(2) -0 .0724 (1 ) 0.0704(2)
C12 0.3293(2) -0 .0527 (1 ) 0.0346(2)
C13 0.3229(2) -0 .0430 (1 ) 0.6903(2)
C14 0.2001(2) 0.0315(1) 0.5247(2)
C15 0.3223(2) 0.0009(1) 0.4900(2)
C16 0.9499(2) 0.2127(2) 0.0486(2)
C17 0.9763(2) 0.1751(1) 0.7156(2)
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Table X I I . Bond D istances
0
(A) and Angles ( ° )  f o r  20e.
Atoms A
O
Atoms O Atoms 0
C1-C1 1 .3 9 7 (1 2 ) 08-C1-C2 1 1 6 .4 (8 ) C20-C1-07 1 0 7 .8 (8 )
C1-N1 1 .3 2 4 (1 0 ) 08-C1-N1 1 1 9 .4 (7 ) C21-07-C22 1 1 0 .9 (7 )
C1-08 1 .3 4 7 (1 0 ) N1-C1-C2 1 2 4 .3 (8 ) 07-C22-C23 1 1 0 .1 (8 )
C2-C3 1 .3 5 3 (1 4 ) C1-C2-C3 1 1 8 .2 (1 0 ) C22-C23-08 1 0 7 .2 (7 )
C3-C4 1 .3 8 6 (1 5 ) C2-C3-C4 1 1 9 .2 (1 0 ) C1-08-C23 1 1 7 .9 (6 )
C4-C5 1 .3 7 0 (1 3 ) C3-C4-C5 1 1 8 .4 (1 0 ) C1-N1-C5 1 1 5 .9 (7 )
C5-N1 1 .3 4 4 (1 1 ) C4-C5-C6 1 2 0 .5 (8 ) C11-N2-C7 1 1 6 .2 (7 )
C5-C6 1 .4 9 7 (1 2 ) C4-C5-N1 1 2 4 .0 (9 )
C6-01 1 .2 2 3 (1 1 ) N1-C5-C6 1 1 5 .3 (8 )
C6-C7 1 .4 9 9 (1 3 ) C5-C6-01 1 1 9 .3 (8 )
C7-C8 1 .3 7 5 (1 2 ) 01-C6-C7 1 1 9 .1 (8 )
C7-N2 1 .3 4 2 (1 1 ) C5-C6-C7 1 2 1 .6 (8 )
C8-C9 1 .3 8 1 (1 4 ) C6-C7-C8 1 1 9 .1 (8 )
C9-C10 1 .3 6 1 (1 4 ) N2-C7-C8 1 2 3 .6 (8 )
C10-C11 1 .3 9 7 (1 2 ) C6-C7-N2 1 1 7 .2 (8 )
C11-N2 1 .3 2 6 (1 1 ) C7-C8-C9 1 1 8 .7 (9 )
C11-02 1 .3 4 9 (1 0 ) C8-C9-C10 1 1 9 .2 (9 )
02-C12 1 .4 3 4 (1 1 ) C9-C10-C11 1 1 7 .8 (9 )
C12-C13 1 .4 9 8 (1 0 ) C10-C11-N2 1 2 4 .3 (9 )
C13-03 1 .4 2 2 (1 2 ) C10-C11-02 1 1 6 .0 (8 )
03-C14 1 .4 2 8 (1 2 ) N2-C11-02 1 1 9 .7 (7 )
C14-C15 1 .4 8 3 (1 7 ) C11-02-C12 1 1 7 .7 (7 )
C15-04 1 .4 0 7 (1 2 ) 02-C12-C13 1 0 7 .7 (8 )
04-C16 1 .3 7 5 (1 3 ) C12-C13-03 1 0 9 .6 (8 )
C16-C17 1 .4 7 0 (1 5 ) C13-03-C14 1 1 1 .4 (8 )
C17-05 1 .3 9 1 (1 2 ) 03-C14-C15 1 0 8 .0 (9 )
05-C18 1 .4 0 1 (1 2 ) C14-C15-04 1 1 5 .2 (1 0 )
C18-C19 1 .4 8 3 (1 6 ) C15-04-C16 1 1 6 .3 (9 )
C19-06 1 .3 3 3 (1 3 ) 04-C16-C17 1 1 3 .2 (1 0 )
06-C20 1 .4 1 6 (1 3 ) C16-C17-05 1 1 1 .6 (9 )
C20-C21 1 .5 1 3 (1 4 ) C17-05-C18 1 1 2 .8 (9 )
C21-07 1 .4 1 6 (1 1 ) 05-C18-C19 1 1 1 .7 (9 )
07-C22 1 .4 1 9 (1 0 ) C18-C19-06 1 1 2 .1 (1 0 )
C22-C23 1 .4 8 7 (1 3 ) C19-06-C20 1 1 6 .8 (9 )
C23-08 1 .446(11  ) 06-C20-C21 1 0 6 .9 (9 )
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Table XIII. Crystal Data and Coordinates of Nonhydrogen Atoms for 20e,
£ t|0 ^ §* tf ° ’  MW='f 7 0 ,5 » t r i c l i n i c  space group P1, a = 1 0 .2 65 (1 )  
b = 1 0 .9 2 5 ( 1 ) ,  c=11 ' .633 (2 )A ,  0 = 1 0 6 .4 1 ( 1 ) ,  6 = 9 6 .0 2 ( 1 ) ,  y = 9 7 . 1 4 ( 1 ) ° ,  Z=2,
-3
D =1 .299q  cm ,  MoK ,  R=0.060 f o r  2330 observed d ata ,  
c a
NAME X Y Z
08 0.94020 0.32250 0.61670
07 0.81160 0.07320 0.47350
02 1.45010 0.25660 0.39750
04 1.13500 -0.21930 0.10260
06 0.70520 -0.12820 0.25260
01 1.42280 0.64100 0.84930
03 1.28910 0.04470 0.21120
05 0.84990 -0 .24320 0.06790
N1 1.15230 0.43760 0.67720
N2 1.40920 0.40910 0.57330
C 7 1.45250 0.46250 0.69080
C6 1.37130 0.55770 0.75550
CIS 0.72180 -0.29480 0.07970
Cl 1.02410 0.43530 0.64570
C3 1.04030 0.65900 0.66900
C5 1.22930 0.55410 0.70740
C4 1.18270 0.66580 0.70530
C ll 1.48790 0.32430 0.51530
C8 1.56970 0.44910 0.75150
C12 1.31930 0.26080 0.34320
C2 0.96770 0.54350 0.63890
C9 1.65060 0.37140 0.68780
C10 1.61160 0.30960 0.56760
C23 0.99640 0.20660 0.61240
C22 0.88380 0.09930 0.59100
Cl 7 0.92120 -0 .33740 0.01130
C21 0.69560 -0.01860 0.45640
C13 1.29980 0.17670 0.21440
C15 1.26670 -0.17320 0.09380
C14 1.29220 -0 .03720 0.09200
C16 1.05270 -0.28090 -0 .00500
C2Q 0.62920 -0 .04830 0.32700
C19 0.64780 -0 .19230 0.13970
09 0.95910 0.03540 0.19970
Table XIV. Bond Distances (A) and Angles (°) for 20c.
O
Atoms A Atoms O Atoms
C1-N1 1 .3 2 7 ( 1 ) N1-C1-C2 1 2 4 .7 ( 1 ) C16-C17-05 112 .2 (1
C1-C2 1 .3 8 7 ( 1 ) N1-C1-06 1 1 9 .4 (1 ) C17-05-C18 112 .7 (1
C1-06 1 .3 4 4 (1 ) C2-C1-06 1 1 5 .9 (1 ) 05-C18-C19 107 .6 (1
C2-C3 1 .3 6 8 (1 ) C1-C2-C3 1 1 8 .9 (1 ) C18-C19-06 107 .3 (1
C3-C4 1 .3 9 6 (1 ) C2-C3-C4 1 1 7 .9 (1 ) C19-06-C1 116 .7 (1
C4-C5 1 .3 7 1 (1 ) C3-C4-C5 1 1 8 .9 (1 ) C1-N1-C5 115 .5 (1
C5-N1 1 .3 5 4 ( 1 ) C4-C5-N1 1 2 4 .0 (1 ) C7-N2-C11 116.8(1
C5-C6 1 .5 1 0 (1 ) C4-C5-C6 1 1 9 .6 (1 )
C6-01 1 .2 1 ^ (1 ) N1-C5-C6 1 1 6 .2 (1 )
C6-C7 1 .4 8 6 (1 ) C5-C6-01 1 1 8 .5 (1 )
C7-N2 1 .3 4 7 (1 ) 01-C6-C7 1 2 0 .0 (1 )
C7-C8 1 .3 8 7 (1 ) C5-C6-C7 1 2 1 .5 (1 )
C8-C9 1 .3 8 8 ( 1 ) C6-C7-N2 1 1 8 .2 (1 )
C9-C10 1 .3 7 1 (1 ) N2-C7-C8 1 2 3 .2 (1 )
C10-C11 1 .4 2 5 ( 1 ) C6-C7-C8 1 1 8 .4 (1 )
C11-N2 1 .3 0 3 ( 1 ) C7-C8-C9 1 1 8 .7 (1 )
C11-02 1 .3 6 8 ( 1 ) C8-C9-C10 1 1 9 .6 (1 )
02-C12 1 .4 5 4 (1 ) C9-C10-C11 1 1 6 .5 (1 )
C12-C13 1 .5 1 3 ( 1 ) C10-C11-N2 1 2 5 .2 (1 )
C13-03 1 .4 3 1 ( 1 ) C10-C11-02 1 1 4 .6 (1 )
0 3 - c n 1 .4 2 4 ( 1 ) N2-C11-02 1 2 0 .2 (1 )
C14-C15 1 .5 0 4 (1 ) C11-02-C12 1 1 5 .1 (1 )
C15-04 1 .4 3 1 (1 ) 02-C12-C13 1 0 8 .1 (1 )
04-C16 1 .4 0 6 ( 1 ) C12-C13-03 1 0 8 .5 (1 )
C16-C17 1 .4 9 9 ( 1 ) C13-03-C14 1 1 2 .2 (1 )
C17-05 1 .4 2 4 ( 1 ) 03-C14-C15 1 0 7 .8 (1 )
05-C18 1 .4 2 4 (1 ) C14-C15-04 1 0 7 .5 (1 )
C18-C19 1 .4 9 6 ( 1 ) C15-04-C16 1 1 4 .5 (1 )
C19-06 1 .4 4 0 ( 1 ) 04-C16-C17 1 0 7 .9 (1 )
Table XV. Crystal Data and Coordinates of Nonhydrogen Atoms for 20c.
^19^22^2^6* m on oc l in ic  space group P 2 ^ /c ,  a = 1 0 .2 3 8 ( 2 ) ,  b = 1 3 .1 A 0 (2 ) ,
°  -3
c=1A .5A 0(3 )A , 3 = 1 0 9 .3 5 ( 2 ) ° ,  Z=A, D = 1 .3 A 7 g  cm ,  R=0.0AA f o r  1775 observed d ata .  
— c
Atom X Y Z
N1 89 3 1 (3 ) 3A62(2) AA91(2
N2 6838(3 ) 19A9(2) 3A85(2
01 5 5 1 8 (3 ) A103(2) A231 (2
02 71A8(2 ) 35A(2) 2910(2
03 99A0(2) - 6 3 8 ( 2 ) 3A89(2
0A 128A0(2 ) -3 3 5 (2 ) A0A8(2
05 128A9(2 ) 1 7 7 0 (2 ) AA9A(2
06 11296(2 ) 335A(2 ) A8A5(2
C1 10200(A) 3 6 0 6 (3 ) 5112(3
C2 10502(A) A000(3) 60AA(3
C3 9A3A(5 ) A272(3) 6363(3
CA 8085(A) A13 9 (3 ) 5725(3
C5 7890(A) 3 7 2 3 (3 ) A82A(3
C6 6A38(A) 35 8 8 (3 ) A120(3
C7 6118(A) 2826(3 ) 3320(3
C8 5019(A) 3018(3 ) 2A75(3
C9 A672(A) 2286(3 ) 17A5(3
C10 5 3 8 5 (3 ) 1385(3 ) 1887(2
C11 6A78(3) 1271(3 ) 2792(3
Cl 2 8095(3 ) , 1 5 6 (2 ) 3887(2
C13 8837(3 ) -8 3 5 ( 2 ) 3865(2
C1A 10918(3 ) —1AA8(2 ) 3687(2
C15 12116(3 ) - 1 1 0 9 (3 ) 3382.(3
C16 13530(A) 3 7 8 (3 ) 3652(3
C17 13987(3 ) 12A1(3 ) A362(3
Cl 8 123A6{3) 2568(3 ) 380A(2
C19 11002(3 ) 29 2 5 (3 ) 3887(2
CHAPTER 3
Decarbonylation of Electron-Poor Ketones
INTRODUCTION
Although aldehydes undergo relatively facile 
decarbonylation under a variety of reaction conditions,^ 
decarbonylation of ketones has been achieved primarily by 
means of photolytic^' or pyrolytic ( 5 0 0 ° C ) ^ ' ^  
processes. As indicated in Scheme I,, free radical pathways 
















ketones which undergo an n-*-ir transition upon irradiation,
carbon monoxide from the resulting acyl radical and
subsequent recombination of the remaining free radicals
terminate the decarbonylation sequence. That these
radicals are truly "free" is substantiated by experiments
on unsymmetrical ketones: a statistical distribution of
6 5products is obtained. Thermal decarbonylation of
ketones is generally thought to proceed by disproportion-
ation of the initially formed radical pair to generate a
64a-fketene intermediate, which then loses carbon monox­
ide and produces a complex mixture of products.^ Batey 
and Trenwith^^ have observed that whereas hexafluorc- 
acetone decarbonylates by a typical radical process at 
600°C, a first-order reaction that yields carbon monoxide 
and hexafluoroethane is operative at 550°C. They postulate 
a cheleotropic expulsion that involves the formation of a 
three-membered carbon ring in the transition state (Scheme




Chemical decarbonylations are best exemplified by the
6 7reactions of a-polycarbonyl compounds, such as diphenyl 
triketone (_1) . Numerous reagents have been employed to
0 0
j.
effect removal of a carbonyl group from this particular 
6 8molecule, but the most general chemical decarbonylation
6 7procedure relies on the benzilic acid rearrangement, 
illustrated in Scheme III. All types of a-dicarbonyl 
compounds [aliphatic, alicyclic, aromatic, semiaromatic 
(o-quinones), and heterocyclic] undergo this base-induced 
transformation, which proceeds by sequential hydroxide 
attack, rearrangement, and proton transfer, to yield the 
salt of an a-hydroxyacid.
Scheme III
I  i? _  „ ?/ V  1 ?”R-C-C-R + O H  *  HO— C— ^C— R . . h HO-C-C-R
R R
8 80— C— C— R 
IR
In contrast, simple aromatic and heteroaromatic 
ketones have been observed to decarbonylate only rarely 
under such mild conditions. Popp and Dubois have reported 
the ring contraction^ (decarbonylation) of dibenzo[c,f]- 
[1,2]diazepin-ll-one (2a, R=H; 2b, R=C1) upon treatment 
with sodium hydride in dimethylsulfoxide and with sodium 
hydride and ethyl 4 - (diethoxyphosphinyl) crotonate (4̂ , R= 
CH=CHCOOEt) in dioxane (modified Wittig reaction
(E tO )z PCHzR
1 1 1
69 a.conditions) to afford 3^ Conversion of 2 to cinnoline 
3̂ in dioxane was not realized when NaH alone, or NaH in 
combination with £ (R=COOEt, CN, CONR2 , COPh) or triethyl 
phosphite, was used.
As described in Chapter 2, pyridyl ketone macrocycles 
f> were prepared by a two-step process. First, ketal 6_a was 
treated with a glycolate dianion, generated from the glycol 
and two equivalents of oil-free NaH, to afford the pyridyl 
ketal coronands 1_; subsequent hydrolysis of these compounds 
in refluxing MeOH/HCl provided the desired ketones in good 
yields. In an effort to dispense with the ketal intermed­
iates, 8ci was subjected to the same nucleophilic displace­
ment procedure (disodium tetraethylene glycolate), but the
119
1H NMR spectrum of the crude product displayed no evidence
for the ketone coronand. Instead, the spectrum was domin­
ated by an aromatic pattern that consisted of three doub­
lets of doublets at 67.50, 7.67, and, most surprisingly, 
8.38.
Chromatographic (ThLC) separation afforded one major 
and numerous minor fractions, most of which were not 
characterized. The principal component (29%) , and source 
of the low-field '*'H resonance, was identified as 9a_, on 
the basis of physical and spectral properties. The signal 
at 6 8.38 is typical for the H-3 of a 6,6'-disubstituted- 
2,2'-dipyridine: the preferred anti conformation of the 







The ■*'H NMR spectrum of a smaller component exhibited
resonances at 63.47 (m, 4H), 3.65 (m, 4H), 3.93 (t, 4H),
4.71 (t, 4H), 6.73, (dd, 2H) , 7.34 (dd, 2H), and 7.58 (dd,
2H). This pattern is identical to that of coronand 10,
41synthesized by a different route, as are the other
physical properties.
The only conclusion that could be drawn from these
data was that ketone 8a had decarbonylated under the
relatively mild reaction conditions and that the macrocycle
70arose from a subsequent attack by diglycolate. The 
results of further experiments to explore the scope of this 
decarbonylation reaction are compiled in Table I. In no 
case was any attempt made ito maximize the yield of the 
decarbonylated product.
RESULTS AND DISCUSSION
Treatment of 8a with NaH in refluxing xylene, but in 
the absence of glycol, actually provided the maximum 
isolated yield (40%) of the dipyridine. Decarbonylation 
was also effected under the same conditions by LiH and 
CaH2 , but yields of 9a were significantly diminished (26% 
and 17%, respectively). When the metal hydride was 
eliminated or replaced by benzoyl peroxide, the starting 
ketone was recovered essentially in toto and TLC showed no 
evidence of other products. Such was not the case for
121
NaOH
NaOH: decarbonylation did occur to some extent (26%), but 
it was accompanied by considerable degradation. In this 
experiment, a finely ground pellet of NaOH was added to the 
ketone solution, and solid was still evident at the end of 
the reaction. The extent of decarbonylation may have been 
enhanced by use of a finer dispersion of NaOH in xylene or 
by use of a phase transfer catalyst.
Unsubstituted b i s (2-pyridyl) ketone (8b) behaved in 
precisely the. same manner as 8a, providing 2,2'-dipyridine 
(9b) in 37 and 24% yields when treated with NaH and NaOH, 
respectively. None of the mixed product was isolated from 
the reaction of equimolar amounts of 8a and 8b with NaH, 
suggesting that the decarbonylation occurs by an intra­
molecular coupling. '
Dibromodiketone 1_1 was little affected by NaH in 
refluxing xylene: some 86% of the compound was recovered 
after the reaction. However, dibromoterpyridine \2_ (4%) 
was isolated, and may well represent the product of a 
double decarbonylation.
e I. Decarbonylation Results.
% Ketone
K eton e(s ) R eagen t(s ) P ro d u c t(s ) %! Recovi
8a TEGb/NaH 9a j 29 37
2 -
8a NaH l s ° 40 32
8a LiH 9ac 26 67
8a CaH2 9a° 17 73
8a BzOOBz - 0 92
8a NaOH 9ac 26 31
8a Xylene - 0 89
8b NaH 9be 37 56
8b NaOH 9be 24 32'
8a+8b NaH 9a? 35 41
5 ^ 38 36
11 NaH 1_2f 4 86
1 1 NaH - 0 91
l i t NaH - 0 74
1 1 NaH - 0 16
1 1 NaH i z h 14 22
1 1 NaH
ig 9 11 0
1 1 NaH - 0 0
20 NaH - 0 0
22 NaH 23d 39 17
l i t TEGb/NaH 25J 32 0
a ls o la te d  y ie ld s . bT e tra e th y le n e  g ly c o l .  °mp 222-223°C ( l i t . 17 mp 220-221 ).
dAs determ ined  by 1H NMR.Nb emp 6 8 -69°C  ( l i t . 20 mp 70°C ) . f mp 246-•247°C
( l i t . 20 mp 248°C) . 9mp 204-205°C  ( l i t . 71 mp 2 0 5 °C ). hmp 238-240°C ( l i t . 72




Neither pyridylmethylpyridyl ketone (13), 
benzoylpyridine (_14) / nor bis (3-nitrophenyl) ketone (15) 
produced any decarbonylation products when subjected to the 
procedure outlined above. [There was virtually no expec­
tation that JL_5 would decarbonylate. This commercially 
available compound was the product of an unsuccessful 
attempt to prepare bis (4-nitrophenyl) ketone, which was 
expected to undergo decarbonylation. Conservatism on the 
part of the experimenter required that the expensively- 
produced mistake be put to some small use.] Apparently, 
two strongly electron-withdrawing groups flanking the 
carbonyl are prerequisite for facile decarbonylation by 
this process. This view is substantiated by the striking
differences in mass spectral fragmentation patterns for
73 74 «L 10benzophenone and b i s (2-pyridyl) ketone. ' ' The
relative abundance of mass fragment 154 (M^-CO) in the 
benzophenone spectrum is 1-2%; the spectrum of the hetero- 
aromatic ketone, however, boasts a corresponding peak (m/e 
156) of 40% relative abundance. 0
To better mimic the electron density on the carbonyl 
carbon of the pyridyl ketones, _16 was finally synthesized
NaH in refluxing xylene for 12 hours afforded (25%)
4, 4 ' -dinitrobiphenyl (1_7) and unchanged ketone (22%), 
proving that this chemical decarbonylation is not 
restricted to heteroaromatic carbonyl compounds.
Fused aromatic ketones are also susceptible to these 
reaction conditions. Phanquone (18) underwent decarbony­
lation to afford (11%) 1,8-diazafluorenone (19), but 
tetranitrofluorenone 2j0 was completely destroyed by the 
reagents: the standard decarbonylation procedure gave a 
dark red oil that was chromatographed (ThLC) on silica. 
What resulted was no less than 20 fractions in colors





varying from orange to fuschia; they were finally 
discarded, unidentified.
Certainly the most bizarre product isolated in this 
study ensued from the attempt to synthesize cyclobuta[1,2- 
b ;4,3-b1]dipyridine (21) from 1,8-diazafluorenone by 
NaH-induced decarbonylation. Rather than the anticipated
21
compound, the reaction produced predominantly an uncharac­
terized black material and a minute quantity (12mg) of pale 
yellow needles. The infrared and mass spectral data of 
this substance were unremarkable, and the NMR spectrum 
was exceedingly simple: it consisted of two equally intense 
doublets of doublets at 6 7.93 and 8.35. Crystallographic 
evidence was deemed necessary to identify this mystery 
compound.
Initial refinement of the X-ray data suggested that
the material might be b i s (4-carboxyphenyl) ketone. This
compound has been shown to be an impurity which arises from
7 6the conversion of £-xylene to terephthalic acid, and is 
present in trace amounts in the stabilizer mixture of 
reagent xylene and most common halogenated solvents.
Although the dicarboxylic acid model could be refined to an 
R value of 0.046, it was rejected on both purely crystal- 
lographic grounds and on the basis of other physical tests 
and spectral data. First, the necessary acid hydrogen 
atoms could not be located, even though the phenyl hydro­
gens were extremely clear from the difference maps. The 
central atoms of the supposed carboxyl groups refined to 
have temperature factors that were the smallest of any in 
the structure, and bonds to these atoms were shorter than 
expected for the moiety. Neither was the molecular packing 
indicative of a carboxylic acid, lacking significant 
hydrogen bonding. Refinement as the dinitro compound, 
bis (4-nitrophenyl) keto,ne (16, Figure I), produced an R
Figure I. ORTEP of 16.
factor diminished by approximately 1%, reasonable tempera­
ture factors, and understandable packing. Figure II 








Figure II. Average distances (A) and angles(°) 
for 16. Standard deviations in individual values 
are 0.006-0.008A , and 0.3-0.6°.
Except for a few small differences in the dimensions
of the aromatic rings, attributable to the effects of nitro
substitution, distances and angles agree well with those of
77unsubstituted benzophenone. The unit cell contains 
two independent molecules, the conformations of which 
deviate considerably from both possible structures of ideal 
symmetry C 2 V - Important torsion angles are listed in 
Table II. Those about the four bonds chemically equivalent
to C1-C2 indicate closer approximation to symmetry.
The average of these torsion angles, -28°, is in exact
77agreement with the average found for benzophenone.
Torsion angles about the C-N bonds are all less than 10°, 
indicating that the
nitro substituents are nearly coplanar with the aromatic 
rings.





Packing of the molecules in the crystal lattice is 
illustrated in Figure III; normal parallel stacking of the 





Figure III. A stereoview of the crystal packing 
of _16. Thermal ellipsoids are drawn at the 30% 
probability level, and H atoms are represented by 
spheres of arbitrary size.
Other evidence which supports the dinitro formulation 
includes the presence of a mass fragment at m/e 272 (M+ ), 
a reasonable (with hindsight) fragmentation pattern in the 
mass spectrum, and a TLC value identical to that of 
b i s (4-nitrophenyl) ketone. However, no reasonable explana­
tion has yet been tendered with regard to the source of 
this material.
Because the major thrust of this research project has 
been the synthesis of heteromacrocycles, the decarbony­
lation reaction was applied to that task. When hexaeth-
ylene glycol macrocycle 2_2 was subjected to the standard 
conditions, the corresponding dipyridine coronand Z3 was 
isolated (39%). This compound was initially identified by
of dipyridine at 20°C requires the glycol bridge to span 
the Tr-face of the rings and thus subjects the various 
methylenes to different amounts of ring anisotropy. As a
result, there is a discrimination among the signals for 
these protons.
Treatment of b i s (6-bromomethyl-2-pyridyl) ketone (24) 
with NaH and tetraethylene glycol in THF at 20°C afforded
spectrum of 2j> exhibited the appropriate signals for the 
tetraethylene glycol moiety and an aromatic region 
characteristic of a substituted dipyridine: resonances at 
6 7.49, 7.89, and 8.39. This final experiment indicates 
that, for electron-poor ketones of sufficient reactivity, 
the decarbonylation can occur under extremely mild 
conditions.
its distinctive NMR spectrum. The anti conformation
(32%) coronand 25, as a pale yellow oil. The NMR
Although serious studies to elucidate the exact 
mechanism of this reaction have not been conducted, it i
probable that the decarbonylation proceeds by way of a
7 8benzilic acid rearrangement, as depicted in Scheme IV.
Initial nucleophilic attack at the carbonyl generates a
tetrahedral intermediate, which rearranges to the 1,2-di
hydropyridine anion. Rearomatization via loss of the




General Comments. The methods described in Chapter 1 
were applied to the following experiments.
Preparation of Bis (4-nitrophenyl) Ketone (16). Method
8 0A. To a mixture of concentrated HNO^ (40mL) and a 
catalytic amount of concentrated (4mL),
ice-cooled to 5°C, was slowly added a solution of 
diphenylmethanol (10.lg, 55 mmol) in glacial AcOH (25mL). 
The mixture was stirred for 4.5 hours at 5°C, then poured 
quickly into an excess of vigorously stirred ice.
Filtration and overnight air-oxidation of the greenish 
solid produced a pale yellow solid, which was dissolved in 
DCM (lOOmL) and extracted with 10% aqueous N a ^ O ^
(3x50mL). The organic extract was dried over anhydrous 
MgSO^, filtered through a silica gel pad, and concen­
trated in vacuo to afford b i s (3-nitrophenyl) ketone (15),
81as pale yellow prisms: 14.45g (87%); mp 154-155°C (lit. 
mp 155 °C).
75Method B . Concentrated I^SO^ (50mL) was added 
dropwise to a suspension of b i s (4-nitrophenyl)methane 
(2.58g, lOmmol), Na2Cr207 (35.Og, 134mmol), and 
benzene (50mL) in water (300mL), and the mixture was 
refluxed for 12 hours. The cooled mixture was filtered and 
the filtrate was extracted with CHCl^ (3x75mL). The 
yellow solid obtained by filtration was dissolved in the
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organic extract, which was in turn extracted with 10% 
aqueous ^ 2 0 0 ^  (4x50mL) , dried over anhydrous MgSO^, 
and concentrated jin vacuo. The resulting pale yellow solid 
was chromatographed (ThLC) on silica (one elution with 
CHCl^) to provide two major fractions:
Fraction A gave the starting compound: 439mg (17%)? mp 
186-187°C (lit.82 mp 187-188°C).
Fraction B Afforded bis (4-nitrophenyl) ketone, as pale
ft ̂yellow needles: 1.33g (49%); mp 189-190 (lit. mp 
190-190.5°C); 1H NMR 67.93 (m, 2,6-phH, 4H), 8.35 (m, 
3,5-phH, 4H).
Reaction of Bis (6-bromo-2-pyridyl) Ketone (8a) with 
Sodium Hydride. A General Decarbonylation Procedure. To a 
suspension of oil-free NaH (60mg, 2.5mmol) in anhydrous 
xylene (50mL), vigorously stirred under a ^  atmosphere, 
was added a solution of ^a (450mg, 1.3mmol) in anhydrous 
xylene (50mL). After 24 hours at reflux, water (50 mL) was 
added to the cooled solution to destroy any excess NaH and 
the organic solvent was removed in vacuo. The aqueous 
residue was extract'ed with DCM (4x75 mL) , then the organic 
extract was dried over MgS04 and concentrated in vacuo to 
afford a yellow solid, which was chromatographed (ThLC) on 
silica. Results are compiled in Table I.
Reaction of Bis(6-bromomethyl-2-pyridyl) Ketone with 
Tetraethylene Glycol. To a suspension of oil-free NaH
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(240mg, lOOmmol) in anhydrous THF (50mL) under a N2 
atmosphere was added a slurry of tetraethylene glycol 
(60mg, 0.3mmol) in THF (50mL). After 15 minutes, a 
solution of ketone (198mg, 0.5mmol) in THF (50mL) was 
introduced and the mixture was stirred at 20°C for five 
days. Water (50mL) was added cautiously and the THF was 
removed iji vacuo. The aqueous residue was extracted with 
DCM (3x50mL), then the organic extract was dried over 
MgSO^ and concentrated in vacuo to yield a brown oil, 
which was chromatographed (ThLC) on silica. Two elutions 
with 5% EtOH/CHCl^ afforded one major fraction, 
identified as dipyridine coronand 25_, a pale yellow oil: 
120mg (32%); Rf=0.39; JH NMR 63.30 (s, pyCH2 , 4H),
3.73 (m, 8-6-CH2 , 12H), 4.82 (s, a-CH2 , 4H), 7.49 (dd, 
5-pyH, J=7.8, 1.2Hz, 2H), 7.89 (t, 4-pyH, J=7.8Hz, 2H), 
8.39 (dd, 3-pyH, J=7.8, 1.2Hz, 2H); IR (neat) 1600 cm-1; 
MS m/e 374 (M+ , 100); Anal. Calcd. for 
C2()H26N 205 : C, 64.17; H, 6.95; N, 7.49. Found: C,
64.43; H, 6.84; N, 7.52.
Table III. Crystal Data and Coordinates of Nonhydrogen Atoms for 16*
C H N O  ,  M W =272.2, t r i c l i n i c  sp a c e  g ro u p  P 1 , a = 7 .3 2 3 ( 2 ) ,  b = 1 2 .6 3 4 ( 4 ) ,  
13 8 2 5 "" “
-3
c = 1 3 ,3 0 1 ( 3 ) A ,  a = 8 9 .3 7 ( 2 ) ,  6 = 8 6 .7 5 ( 2 ) ,  y = 8 7 . 0 9 ( 3 ) ° ,  Z = 4 , D 1 .< f63g cm , 
“  c
R = 0 .0 37 f o r  1385 o b s e rv e d d a ta .
) ' z
C ( l) 7459 (8) 8191 (5 5206 (5)
0 (1 ) 6838(6 ) 8514 (3 6023 (3)
C(2) 7494 (7) 7015 (4 5008 (4)
C(3) 7804 (8) 6324 (5 5800 (4)
C(4) 7756 (8) 5246 (5 5664(5)
C(5) 7373 (8) 4887 (4 4739 (5)
C(6) 7033(4 ) 5539 (5 3946(5)
C(7) 7120 (8) 6617(4 4075 (4)
N ( l ) 7262 (8) 3721 (4 4603 (6)
0 (2 ) 7608 (7) 3143 (4 5299 (4)
0 (3 ) 6808 (8) 3425 (4 3791 (5)
C (2 ') 8196 (7) 8937 (4 4436 (4)
C (3 ') 7650 (7) 10007 (4 4534 (4)
C (4 ') 8346 (8) 10749 (4 3873 (4)
C (5 ’ ) 9582 (8) 10401 (4 3114(4)
C (6 ’) 10152 (8) 9360 (5 2997 (4)
C (7 ') 9462 (8) 8628 (4 3663 (4)
N ( l ' ) 10317(8) 11183 (5 2391 (4)
0 ( 2 ’ ) 9956(6 ) 12127(4 2555 (3)
0 ( 3 ’ ) 1 1237 (6) 10870 (4 1647 (3)
C (L4 ) 6748 (9) 2984 (5 800(4 )
0(1/1) 8190 (6) 3266 (3 41 4(3 )
C (2 /l) 6488 (8) 1824 (4 1002 (4)
C (3/() 7370 (8) 1087(5 342 (4)
C(4A) 7216(9 ) 21 (5 527 (5)
0(5/4) 6233 (9) -2 8 1  (4 1372 (5)
0(6/4) 5361 (8) 418(5 2052 (4)
0(7/4) 5496 (8) 1493 (4 1845 (4)
N (l/4 ) 6036 (9) -1 4 3 8  (5 1593 (5)
0(2/4) 6742 (8) -2 0 4 2  (4 977 (5)
0(3/4) 5211 (8) -1 6 9 3  (4 2363 (4)
0(2 /4 ') 5226 (9) 3785 (4 1079 (4)
0 (3 .4 ’ ) 5718(8 ) 4807(5 1277(4)
0(4 .4 ') 4381 (9) 5589 (5 1508 (4)
0(5 .4 ') 2576 (9) 5330(5 1519(4)
0(6 /4 ’ ) 2031 (8) 4329(4 1303 (4)
0(7 .4 ') 3391 (9) 3552(4 1090 (4)
N ( l/4 ') 1116(9) 6167 (5 1790 (4)
0 (2 /4 ') 1626 (7) 7052 (4 1904 (4)
0 (3 .4 ') -4 3 5  (8) 5931 (4 1862(5)
THE HALOGEN STRIKES BACK
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CHAPTER 4
a-Methyl Halogenation of B i s (6-methyl-2-pyridyl)
Ketone and Ketal
INTRODUCTION.
Pyridyl coronands that possess an oxygen or sulfur
atom attached directly to the heteroaromatic ring do not
complex transition metal cations . ̂  The failure of
these substancess to act as chelating agents can be attri-
84buted to the preferred conformation of the imidate unit,
in which the a-methylene hydrogens are thrust into the
vicinity of the N-lone pair, and to the reduction of
N-electron density that results from proximity to an
8 5electronegative group.
7Even 2,2‘-dipyridine, long recognized as a superior
bidentate ligand, is ineffectual when incorporated in
41macrocycles such as Jib* If, however, the heteroar-




omatic ring is insulated from the oxygen or sulfur by a
methylene unit, the chelating ability of the nitrogen
donors is restored. Elimination of the rigidity associated
with the imidate moiety removes the obstructing hydrogens
from the domain of the N-electrons, the full basicity of
which is reestablished. Thus, CoCl^ forms a pentacoor-
dinate complex 2 with the 1:1-dipyridylhexaethylene glycol 
8 6coronand, and the 2:2-dipyridylpentaethylene glycol
8 7coronand forms a dinuclear complex (3) with CuC^.
Preparation of macrocycles A_ by the standard nucleo- 
philic displacement procedure (previously described in
Chapter 2) necessitates the presence of (1) an insulating 





the numerous methods employed to make a-halomethylpyri-
chlorination. For 6,6'-dimethyl-2,21-dipyridine, this 
technique affords (70%) the b i s (chloromethyl) derivative in 
only four steps; furthermore, purification is achieved by a 
simple recrystallization from cgH12*
RESULTS AND DISCUSSION.
In accordance with the goal of synthesizing pyridyl 
macrocycles that would selectively complex metal ions, the 
preparation of coronands £  and 9_ was undertaken. The
dines,88 the optimum course appears to be free radical
6 7
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planned synthetic scheme hinged on the generation of 
bis (6-methyl-2-pyridyl) ketone (j>) ; the remainder of the 
steps were analogous to known transformations of pyridine 
derivatives, and their success was deemed certain. Unfor­
tunately, that certainty was short-lived.
Ketone 6_ was initially synthesized by the same method 
used to prepare b i s (6-bromo-2-pyridyl) ketone (10):
2-lithio-6-methylpyridine (11) , generated from 5_ by 
metal-halogen exchange with buLi, was treated with ethyl 
chloroformate at -90°C. Rigorous maintenance of the low 
temperature was essential to prevent buLi attack at the 
methyl group or nascent carbonyl. Although ketone j5 could 
be acquired by this procedure, the yields were erratic 
(10-48%) ; in addition, 6 decomposed rapidly, especially 
when exposed to light.
When stored in a stoppered glass vial, crystalline 6̂ 
darkened appreciably over a period of two weeks. Addition 
of an organic solvent dramatically accelerated the 
decomposition: after standing in ambient fluorescent light 
for two days, the closed vial contained a viscous, almost 
black solution, from which the ketone could be retrieved by 
chromatography. The dark green material that remained on 
the silica column was slightly soluble in MeOH, but its 
200MHz NMR spectrum provided no useful information.
The substance was of insufficient volatility to give a mass
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spectrum, and all attempts to grow crystals for an X-ray 
structure determination proved futile.
Irradiation of a TLC (silica) sample of £ at 254nm 
produced a pale blue fluorescence, but no obvious, lasting 
effect. In contrast, irradiation of the same sample at 
366nm gave rise to a greenish-brown color (typical of all 
the pyridyl ketones studied) when viewed at that wave­
length, and a brilliant pink when viewed in room light.
The pink color persisted approximately one hour, to be 
replaced by olive green. Within 24 hours, the TLC spot was 
marked by a bright yellow hue that remained permanently. 
Neither (10) nor bis(2-pyridyl) ketone U2) exhibited this 
chameleon-like behavior in visible light after irradiation, 
although both produced the characteristic pyridyl ketone 
color at 366nm and TLC (silica) samples of both did yellow 
somewhat upon prolonged standing.
89Hurt and Filipescu have reported that photolysis 
of 12 in Me2CH0H yields a carbinol, probably as a result 
of hydrogen atom abstraction from the solvent by an excited 




hydrol of 6_ was not observed, but this compound is rapidly
90air-oxidized back to 12_. If the methyl groups can 
Scheme I
■*-




serve as hydrogen atom donors during photolysis of the 
dark green material may result from oligomerization, as in 
Scheme I .
To avoid the problems attendant upon the photosensi­
tivity of the direct synthesis of ketal 1_ was attempted.
2,2-Bis (21-pyridyl)-1,3-dioxolane (13) was treated sequen-
45tially with MeLi in E t a n d  KMnO^ in acetone, to 
no avail. The reaction produced a number of unidentified 
products, which fluoresced brilliantly, but none of which 
was the desired ketal (_7) . Had 2,6-dibromopyridine been
MeLi
Me Me13
available to prepare 3J) (an explosion at the manufacturing 
site rendered it temporarily scarce and outrageously
expensive), the methylation sequence probably would have
tive but to seek a more effective synthesis of (5.
Because much of the difficulty associated with the 
first route to ([ seemed to stem from the use of ethyl 
chloroformate, itself a relatively unstable reagent, 
another means of incorporating the carbonyl was demanded. 
Synthesis of 2-cyano-6-methylpyridine (14) was considered; 
the ketone could then be obtained upon hydrolysis of the
imine formed by reaction of and 1A. The principal
disadvantage of this scheme lay in the relative inactivity 
of the cyano group toward attack by a pyridyllithium 
species at -90°C (Chapter 1). Because no acceptable means 
could be devised to maintain the requisite temperature for 
four to five days, the search continued.
The solution to this problem finally appeared in the 
form of 2-formyl-6-methylpyridine (15) , a commercially 
available material that exhibited the necessary reactivity. 
Thus, treatment of lj> with Ĵ l gave, after two hours at




Me Me Me Me
-90°C, bis (6-methy1-2-pyridyl)methanol (16) 90 overnight
air-oxidation provided the desired ketone (6) . Rapid 
protection of the carbonyl by acid-catalyzed ketalization 
with ethylene glycol in toluene afforded a reasonably 
stable ketal ]_ that could be stockpiled for further 
reaction.
Functionalization of the a-methyls was first attempted
by the same free radical chlorination procedure that had
8 8proven so successful for 6,6'-dimethyl-2,21-dipyridine.
When 1_ was refluxed with N-chlorosuccinimide (NCS) in 
CCl^ for 19 hours, a plethora of compounds resulted 
(Table I), ranging from unsubstituted to tetrachlorinated 
derivatives of both the ketal and ketone. Conspicuously 
absent, however, was the desired b i s (chloromethyl) product 
(19b).




6 9C, 28f 60-61
183 (C12H1 l V
17a 20®, 21f o i 1
211(C 13H11N20)




17c 9e , 11f o i 1 2 it5(C 13H10ClN20)
18c 119 o i 1
291(C 13H11N20 ) '
17d o i l 279(C  H Cl N O )  
13 9 2 2
18d 49 124-126 369(C  H Br N 0 ) 
13 9 2 2
17e 16 * f ' - 90(C gH^N)
18e 99 138-139 9 0 (CgH^N)
7 16®, 25f 1 2 5 .5 -1 2 6 164(C  H NO ) 
9 10 2
19a 7e , 6 f o i 1 16^(C H NO ) 
9 10 2
• 20a 69 o i 1 1 W (C  H NO ) 
9 10 2
20b 59 - 2 W (C gHgBrN02 )
19c 6e * f o i 1
16^ C9H10N02 )
20c 69 o i 1
19d o i 1 198 ( C H Cl NO ) 
9 9 2
20d 39 - 24^(C_H BrNO ) 9 9 2
19e 16 , f - 1 6 2 (C_H NO ) 
9 8 2
20e 19 - 162(C  H NO ) 
9 8 2
« b e  d  — 1 ©
Is o la te d  y ie ld .  In °C . m/e (a s s ig n . ) .  (CO) cm . NCS, C C l^ , 19hrs .
f NCS, CgH6> 19h rs . 9NBS, C C l^ , 3 h rs .
17 X=C1 18 X=Br 19 X=C1 20 X=Br
a , n=l, m=0 a, n=l, 3 li o
It
r > n=m=l b, n=m= 1
io
oliECNIIC £, n=2, m=0
d., n=2, m=l d, n=2, m=l
e , n=m=2 e, n=m= 2
The transformation of ketal back to ketone probably
91 92occurs by virtue of 4-chlorination of the dioxolane. '
91Cort and Pearson inferred the formation of 2- and 
4-halogenated species when 1,3-dioxolane was subjected to 





radical conditions. The principal product isolated was
2 -haloethyl formate, postulated to arise by rearrangement 
of the 2-halodioxolane. The 4-halo compound was suggested 
to undergo rapid loss of HX, followed by polymerization.
If the dioxolane group of 1_ is indeed halogenated at the
4-position under free radical conditions, reversion to the 
ketone may occur by sequential loss of HX and oxirene 
(which would rapidly react further).
93Substitution of C,H, as the solvent for the6 6
chlorination reaction had little effect on the relative 
yields of the various products (Table I); neither did it 
promote formation of the desired b i s (chloromethyl) deriva­
tive. For these reasons, free radical bromination of 7 was 
essayed.
A refluxing solution of 1_ and NBS in CC1^ was 
irradiated for four hours. Once again, a horde of products 
was forthcoming, but this time the bis (bromomethyl) 
derivatives of the ketone (4%) and ketal (5%) were among 
them. As did the parent ketone, the mostly oily brominated 
(and chlorinated) compounds darkened quickly on standing; 
only the tribromo ketone 18d and ketal 2 0 d displayed 
substantial stability.
The numerous products of these halogenation reactions 
were identified primarily by their MS and NMR data 
(Table I, Table II). In the NMR spectra, the aromatic
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Table I I .  NMR Data f o r  Products o f  a -M ethy l  H a logenation  Reactions .
Cmpd pyH3 CHX„ CH_X CH.b CH^
6 c - - -  2 .6 5
17a c ,d  -  4 .7 2  -  2.61
18a . c ,d  -  ^ .61 -  2 .63
28b d -  4 .61
17c c ,d  6 .7 0  -  ' -  2 .63
18c c ,d  6 .7 0  -  -  2 .63
17d d 6 .6 9  4 .5 8
18d d 6 .7 0  4 .6 0
17e d 6 .7 2
18e d 6.71
7 e -  -  4 .1 5  2 .5 0
19a e , f  -  4 .6 5  4 .1 6  2 .50
20a e , f  -  4 .6 5  4 .1 6  2 .5 0
20b f  -  4 .5 5  4 .1 6
19c e , f  6 .7 0  -  4 .1 7  2 .5 0
20c e , f  6 .6 4  -  4 .1 7  2 .5 0
19d f  6 .6 8  4 .5 5  4 .1 7
20d f  6 .6 3  4 .5 4  4 .17
19e f  6 .6 9  -  4 .1 7
20e f  6 .6 5  -  4 .1 7
0A11 dd; H3 , 7 . 9 ,  1 .2H z;  H^, 7 . 9 ,  7 .3H z;  Hs , 7 . 3 ,  1 .2H z .  bK e t a l .  °HS, 7 .3 4 ;
H ,  7 .8 0 ;  H ,  7 .9 1 .  V ,  7 . 6 8 ;  H ,  7 .9 0 ;  H ,  8 .0 6 .  ®H ,  7 .0 3 ;  H ,  7 .5 7 ;  H ,  7 .6 1 .
J  J  H  J
f H5 , 7 .4 3 ;  H^, 7 .7 2 ;  H j ,  7 . 7 6 .
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protons could be assigned to one of four distinct sets: 
those on either methylated or halomethylated rings that 
flanked either a dioxolane or a carbonyl. Hydrogens on a 
methylated ring adjacent to a dioxolane resonate at 6 7.03, 
7.57, and 7.61 (H-5, -4, and -3, respectively); analogous 
hydrogens adjacent to a carbonyl resonate at 67.34, 7.80, 
and 7.91. Halomethylated rings, regardless of the identity 
or number of halogens present, exhibit signals at 6 7.43, 
7.72, and 7.76 (H-5, -4, and -3, respectively) for the 
ketals and at 67.68, 7.90, and 8.06 (H-5, -4, and -3) for 
the ketones. All of these aromatic resonances appear as 
doublets of doublets, characteristic of the unsymmetrical 
substitution of the heteroaromatic rings. The ketal- 
methylene, a-methyl, a-methylene, and a-methine protons, on 
the other hand, are represented by singlets. For the 
ketals, these peaks occur at average values of 4.16 (±.01), 
2.50 (±.00), 4.58 (±.07), and 6 . 6 6  (±.04), respectively.
As expected, the corresponding signals for the ketone 
derivatives are displaced to slightly lower field:
62.63 (±.02) for the a-methyl protons, 4.62 (±.10) for the 
a-methylenes, and 6.70 (±.02) for the a-methines. The 
consistent proton chemical shifts of the hydrogens greatly 
simplified identification of the various components, 
despite the difficulty of their separation.
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The MS data also served to distinguish ketones from 
ketals and halogenated from unhalogenated materials. Among 
the ketals, a frequently observed fragment of high relative 
abundance resulted from loss of one ring (2_1) . The ketones 
tended to lose one halogen and so often were represented by
fragment Z2. A secondary mode of fragmentation involved 
decarbonylation, to give the substituted dipyridines (23).
Only one macrocycle was ever prepared from these 
hard-won halogenated compounds. Reaction of 6  ̂with tetra- 
ethylene glycol and NaH in THF at 20°C afforded not the 
ketone coronand, but the 2 ,2 -dipyridyltetraethylene glycol 
coronand 2_4 (32%) . [Experimental details and physical data 
are included with Chapter 3.] In addition to the usual
trum of 2A_ displayed a singlet at 63.30 for the ring 




signals for the various glycol protons, the NMR spec-
6 7.49, 7.89, and 8.39 for the pyridine H-5, -4, and -3, 
respectively.
As a result of the many difficulties associated with 
the synthesis and isolation of the substrate, this macro­
cycle project was set aside and eventually abandoned. 
Nevertheless, the compounds are still of interest and await 
only a truly efficient synthesis of 20b. Two possibilities 
present themselves, both of which rely on well-developed 
techniques.
The first route begins with tetrabromo ketone 20e,
which should result from prolonged NBS bromination of 1_.
94-96Jones and colleagues have reported that
6 -substituted-2 -(dihalomethyl)pyridines are readily trans­
formed to the corresponding aldehydes when subjected to 
aqueous alcoholic AgNO^. Depending upon the actual rate 
of decomposition of (5, further treatment as in Scheme II 
could yield the halomethylated ketal.
The current availability of 2,6 -dibromopyridine makes 
preparation of _10 a straightforward matter (Chapter 1) .
Upon dilithihtion and treatment with N,N-dimethylformamide
8 6(DMF) , 1̂ 0 can be converted to the dialdehyde (25) , as 
shown in Scheme II. Subsequent reduction with NaBH^ and 
reaction with S0C12 should give a respectable yield of 




General Comments. The basic procedures described in 
Chapter 1 were applied to the following experiments.
Bis (6-methyl-2-pyridyl) Ketone (6 ). Method A . To a
solution of j5 (30.Og, 174mmol) in anhydrous THF (350mL) ,
cooled to -100°C (liquid ^/petroleum ether) under an
argon atmosphere, buLi (109mL, 174mmol; 2.0M in hexane) was
added dropwise over seven hours. The resulting solution
was stirred for one hour at -90°C, after which a solution
of ethyl chloroformate (9.44g, 87mmol) in anhydrous THF
(50mL) was introduced. At no time was the temperature
permitted to exceed -80°C. The dark mixture was stirred
for an additional ten hours at -90°C, then the reaction was
quenched by addition of EtOH (50mL), followed by 3M HC1
(75mL). The organic solvent was removed in vacuo and the
aqueous residue was neutralized with 1 0 % aqueous
Na 2 CC>3 r then extracted with CHCl^ (4x75mL) .
Concentration in vacuo of the brown solution gave a dark
oil, which was chromatographed (ThLC) on silica. Elution
with C,H 1 o :Et0Ac (1:1) gave 6 , as colorless needles: 
o  1Z •“ **
8 .6 8 g (48%); physical data in Table I, NMR data in 
Table II; Anal. Calcd. for c i3Hi2N20: C ' 7^.58; H '
5.66; N, 13.21. Found: C, 73.45; H, 5.80; N, 13.23.
Method B . A solution of 2J3 (7.26g, 60mmol) in anhyd­
rous THF (75mL) was added quickly to _11 [prepared from 5
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(9.26g, 56nunol) as in Method A]. The dark solution was 
stirred for two hours at -90°C, then quenched and separated
as above, to give lj6 , as colorless crystals: 8.63g (72%);
q n imp 90-92°C (lit. mp 90-92°C); H NMR 62.64 (s, CH3 ,
6 H), 5.93 (s, CHOH, 1H), 7.10 (dd, 5-pyH, J=7.3, 1.2Hz,
2H), 7.39 (dd, 3-pyH, J=7.9, 1.2Hz, 2H), 7.59 (dd, 4-pyH,
J=7.9, 7.3Hz, 2H); IR (KBr) 1588cm"1; MS m/e 213 (M+-l,
100) .
Overnight air-oxidation of a CHC13 solution of Ij6 
gave ketone j>, quantitatively: 8.52g.
2,2-Bis (6 '-methyl-2 1-pyridyl)-1,3-dioxolane (7) .
Method A . Methyllithium (30mL, 48mmol; 1.6 M in hexane) was 
added dropwise to a solution of _13 (1.64g, 9mmol) in 
anhydrous Et20 (200mL) under an argon atmosphere. After 
the solution was stirred for 30 hours at 20°C, water (50mL) 
was added to quench the reaction and the organic solvent 
was removed in vacuo. The aqueous residue was then treated 
with KMnO^ (3.2g, 21mmol) in acetone (200mL), and the 
mixture was warmed overnight. The solid was filtered, 
washed with DCM, then discarded. The filtrate was concen­
trated jln vacuo, extracted with DCM (4x50mL) , dried over 
MgSO^, and concentrated in vacuo once again to yield a 
red-brown oil, which was chromatographed (ThLC) on silica. 
One elution with 5% EtOH in CHC13 afforded several small
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fractions that fluoresced brilliantly at 366nm, but which 
were not identified.
Method B . In a flask fitted with a Dean-Stark 
separator, a mixture of ketone J5 (5.0g, 24mmol) , freshly 
distilled ethylene glycol (7.3g, 120mmol), and concentrated 
H 2 SO4 (0.5mL) in dry toluene (200mL) was refluxed 
gently for 36 hours. Colorless needles of ketal 1_ 
crystallized directly from the cooled mixture: 5.65g (92%); 
physical data in Table I, NMR data in Table II; Anal. 
Calcd. for C 1 5 H 1 6 N 2 0 2 : C ' 70-31» H ' 6.25; N, 10.94.
Found: C, 70.30; H, 6.28; N, 10.89.
Chlorination of 2,2-Bis(6 1-methyl-2'pyridyl)-1,3-diox- 
olane (7) . Method A . A mixture of 1_ (512mg, 2mmol) , NCS 
(532mg, 4mmol), and benzoyl peroxide (50mg) in CCl^
(25mL) was refluxed for 19 hours. The mixture was filtered 
and the filtrate was stirred for four hours with 1 0 % 
aqueous Na 2 CC>2 , after which the CCl^ was removed in 
vacuo, and the aqueous residue extracted with CHCl^
(4x50mL). Concentration jLn vacuo of the MgSO^-dried 
organic extract produced a viscous brown oil, which was 
chromatographed (ThLC) on silica. Elution with CHCl^ 
gave many fractions, as detailed in Table I. Their "'"H 
NMR data are listed in Table II.
Method B . The procedure followed was identical to 
that of Method A except for the substitution of C^Hg as
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the solvent. Product data are compiled in Table I. Their 
NMR data are listed in Table II.
Bromination of 2,2-Bis(6 1-methyl-2 1-pyridyl)-1,3-diox- 
olane (7) . A mixture of 1_ (1.20g, 4.7mmol), NBS (1.69g, 
9.5mmol), and benzoyl peroxide (50mg) in CCl^ (75mL) was 
refluxed under illumination (100 watt flood at 15cm dis­
tance) for three hours. Further treatment of the mixture 
was identical to that described for the chlorination 
procedure. Product data are compiled in Table I. Their 
NMR data are listed in Table II.
CHAPTER 5
Transition Metal Complexes of
2,2-Bis (21-pyridyl)-1,3-dioxolane
and
2,2-Bis (6 1-methyl-2 1-pyridyl)-1,3-dioxolane
INTRODUCTION.
Bis (2-pyridyl) ketone (1_) can act as a bidentate
ligand to which two modes of complexation are available:
N,O-coordination (five-membered chelate) and N,N-
coordination (six-membered chelate). The two are easily
differentiated by the magnitude of the carbonyl stretching
97frequency [v(CO)] in the IR spectrum. In the free 
ligand, delocalization of ir-electron density from the
pyridine rings onto the oxygen reduces the carbonyl bond 
order (B), as evidenced by the comparatively low value
oxygen should further diminish P(CO), coordination through
A B
_1 goof v (CO): 1675cm . Whereas coordination through
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the two nitrogens should reduce the available electron 
density in the pyridine rings. In the latter case, there 
should be an increase in the carbonyl bond order relative 
to that of JL and a shift of v (CO) to higher frequencies 
should be observed. However, this effect could be masked
by ir-back bonding from the metal to the heterocycles.
97In 1967, Osborne and McWhinnie reported the first 
preparation of complexes of _1, exclusively with copper (II) 
salts. The 1:2 (metal:ligand) ionic perchlorate 
precipitated as a dihydrate [v(CO)=1448cm ] and the 1:1
halides crystallized from EtOH with one mole of solvent 
[X=C1, v(CO)=1445cm-1; X=Br, v (CO)=1446cm-1]. The 
water or alcohol was expelled from the adducts upon 
heating, to give complexes that displayed carbonyl bands 
shifted to much higher frequencies (1693-1707cm ^). The 
physical change was attributed to an alteration in the mode 
of complexation from N , 0  to N/N.
9 8In short order, Feller and Robson used _1 to
complex several first-row transition metals [Mn(II),
Fe(II), Co (II), Cu(II), and Ni(II)]. Based on the numerous
similarities observed in the IR spectra of [M(1^X2]/ all
were proposed to be chelated by two nitrogen atoms. To
account for the IR band at 1445cm 1 in the spectrum of
[Cu(1)2 S04 ,2H20], and likewise for the solvated
97complexes described by Osborne and McWhinnie, they
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suggested that water (or solvent) molecules had added
across the ketone of N,N-coordinated 1_ to yield stable
9 9 10 0gem-diols. Further studies ' demonstrated that 
addition of nucleophile HX occurred after the formation of
nox
the N,N-coordinated complex, and that the serendipitous 
disposition of X provided the possibility of tridentate 
chelation by carbonyl adducts of <1 .̂ ®'*‘
HO
More recent work had afforded examples of complexes of 
102JL with uranium(IV); zinc(II), cadmium(II), and mer-
i m  104cury(II); and the lanthanides [as Ln(III)]. In
its hydrated form, 1̂ forms a p-peroxodicobalt(III)
105complex upon oxygenation of the corresponding
cobalt(II) complex. Palladium(II), platinum(II), and
gold(III) species also react with _1 to yield complexes in
which one or two ligand molecules, either the carbonyl or
106the gem-diol form, are coordinated to the metal ion;
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As described above, many transition metal complexes of 
_1 display a proclivity for addition of a nucleophile to the 
carbonyl group. The stability of the "hydrate" complexes 
that result prompted an investigation of the complexation 
properties of 2 ,2 -bis (2 1-pyridyl)- 1 ,3-dioxolane (2) and 
2, 2-bis (6 1 -methyl-2 1 -pyridyl) -1,3-dioxolane (3). Both of 
these molecules possess a spiroketal function that mimics 
the "hydrated" form of 1 .
2





Brilliantly colored complexes were formed from 2 and _3 
upon reaction with the chlorides of Cu(II), Co (II), and 
Ni(II) in anhydrous MeOH and with that of Pd(II) in 
CHgCN. All of the adducts melted or decomposed above 
250°C and displayed elemental analysis data that supported 
a 1:1 ligand to metal stoichiometry (Table I).
Treatment of 2 with CuCl2 in MeOH gave a violet 
solution from which a blue-green solid precipitated 
immediately. For good measure, the mixture was refluxed 
gently overnight. The blue-green powder was moderately 
soluble in DCM, but crystals grown from such a solution
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Table I. Analytical Data and Description of Transition Metal Complexes.
q b e
Ligand Metal S a l t  Weight Elemental A n alys is  D e s c r ip t io n
C H N
2 CuCl 3 9 . Amg A3.0A 3.31 7 .7 3 Massive emeralcj greenz
(A3.1A) ( 3 .2 3 ) ( 7 .7 5 ) c r y s t a ls
2 CoCl * 6 H 09 9 69.7mg 3 3 . A8 2 .58 6.01 Massive magentaz z
( 3 3 . A1) ( 2 .6 9 ) ( 6 .0 7 ) c r y s t a ls
2 Ni Cl *6H 09 9 6 9 . 6mg 3 3 .5 0 2 .5 8 6.01 B r i l l i a n t  y e l lo wz z
( 3 3 .3 7 ) ( 2 .6 5 ) ( 6 . 0 3 ) powder
2 PdCl 53.2mg 3 8 . A9 2 .9 6 6.91
e
Yellow needlesz
( 3 8 . AO) ( 3 .0 9 ) (6 .8 A )
3 CuCl 3 9 . A mg A6.10 A . 10 7 .1 7 Massive dark greenZ
(A 6 .18 ) ( A .07) ( 7 .3 0 )
Q
c r y s t a ls
3 CoCl *6H 0 69.7mg 3 6 . AA 3.2A 5 .6 7 Dark bli je
2 2
(3 6 .3 9 ) , ( 3 .2 5 ) ( 5 .6 1 ) p r i  sms
3 6 . A6 3.2A 5 .6 7 B r i l l i a n t  y e l lo w
(36 .5 A ) ( 3 .2 2 ) ( 5 .7 0 ) powder
3 NiCl "6H 00 9 69.6mgZ Z
A8.8A 5 .9 7 7 .5 9 M ass ive ,  l ig h t^ g re e n
(A8.9A) ( 5 .9 2 ) ( 7 .6 6 ) c r y s t a ls




(A 1 .6 0 ) ( 3 .6 0 ) ( 6 . 5 2 )
a0.30mmol. ^Found ( C a lc u la t e d ) .  °A11 mp more than 250°C. ^X -ray  s t r u c t u r e .  
6 NMR in  T ab le  11.
clouded quickly, probably as a result of solvent loss.
Slow evaporation of MeOH from the complex afforded large, 
emerald green crystals (_4) suitable for an X-ray structure 
determination.
Crystals of 4_ consist of neutral molecules in which 
the copper (II) is bound in what is essentially a square 
planar array of the two nitrogens and two chlorides (Figure 
I) . Bond distances and angles for are compiled in Table 




Figure I. ORTEP Stereopair of A_.
The pyridine rings are planar and make a dihedral angle of 
70.5°; the flexibility of the ligand permits chelation to 
the metal to occur with a "bite" angle of 85.04(5)°, very 
near to the ideal value. The six-membered chelate ring, 
Cu-Nl-C5-C6-C7-N2, adopts a boat conformation that leaves
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the Cu and C 6 on the same side of the plane formed by the
106other four atoms.
The dioxolane ring, C6-01-C12-C13-02, exists as a
half-chair in which C13 lies on the C^ axis; all of the
atoms are twisted to the same side of the ligand as the
metal. In fact, the dioxolane 01 occupies a position near
an axial site on the copper, which gives the complex an
97almost square pyramidal appearance. The Cu-01 intra­
molecular interaction is weak, as indicated by the distance 
[2.678A] between the two atoms. The Cu-01 vector tilts 
slightly away from the plane normal (toward the aromatic 
rings), and the Cll-Cu-C12 angle is slightly increased 
[95.71(2)°] from its ideal value. This latter effect is 
probably the result of the large size of the chloride ions. 
The plane containing the chlorides and copper is twisted 
away from the plane of the copper and nitrogens by 17.5°; 
the direction of this twist is the same as that experienced 
by the dioxolane ring.
There exists yet another long-range interaction, 
between units of £, that serves to confer on each member of 
the pair a pseudo-octahedral geometry. Figure II 
illustrates the tenuous linkage [intermolecular Cu-C12 
distance of 2.844A] supplied by the bridging chlorides. An 
investigation of the magnetic susceptibility of this 
complex as a function of temperature was conducted by
Figure II. ORTEP of The weak interaction between
two molecules results in a pseudo-octahedral 
geometry.
O'Connor and colleagues,'*'*"*' but no evidence for any 
copper-copper interaction was observed.
Chelation of C u C ^  by 3̂ under the same reaction 
conditions gave a blue-green solution from which slowly 
crystallized massive, dark green blocks of f>. This complex 
was very soluble in CHCl^, but as in the case of A_, 
crystals grown from such a solution became opague and 
powdery in less than one week. Fortunately, the crystals 
obtained from the slow evaporation of MeOH were of suffi­
cient quality to be studied by X-ray methods.
As would be expected, the structure of J5 is strikingly
similar to that of _4; after all, the ligands differ only in 
the 6 -substituent of the pyridine ring, which is not 
directly involved in chelation. Crystals of _5 are also 
composed of neutral molecules that contain a copper(II) 
held in a square planar geometry (Figure III). Bond 
distances and angles for 15 are compiled in Table V;
nonhydrogen atom coordinates are listed in Table VI. The
planar pyridine rings make a dihedral angle of 69.5°, but 
in this case the "bite" of the chelating nitrogens is 
somewhat smaller: 81.94(7)°. This reduction is not suffi­
cient to alter the conformation of the chelate ring (Cu- 
N1-C6-C7-C8-N2) however; as before, the metal and the 
2-carbon of the dioxolane (C7) lie above the plane of the 
other four atoms.
Figure III. ORTEP of f>.
In fj, the conformation of the dioxolane closely 
approximates an envelope, of which 01 is the flap. The 
pertinent torsion angles are shown in Figure IV, as is the 
location of the ideal mirror plane. The approach of 01 to
Figure IV. Dioxolane Torsion Angles in 5̂.
the metal [2.400A] is closer than in £, but still too 
distant to be considered a bond. Although the reduced 
separation of 01 and Cu would seem to imply a stronger 
interaction, and thus a greater distortion of the square 
planar geometry, that is not the case. The Cll-Cu-C12 
angle is 94.43(3)° [as compared to 95.71(2)° for 4J and the 
twist angle between the Cll-Cu-C12 plane and the Nl-Cu-N2 
plane is only 11.6°. Furthermore, the direction of twist 
is opposite to that of the dioxolane ring.
It is possible that the increased interaction (dimin­
ished distance) between the metal and 0 1  results from a 
slightly more favorable position of the oxygen with respect 
to the axial site of the copper. Certainly the tilt of the 
Cu-01 vector toward the pyridine rings is lessened in _5 
(Figure V.).
Figure V. ORTEP Stereopair of 5^
It is equally possible that these differences in the
Cu-01 separations for £ (2.678A) and 5̂ (2.400A) are the
9result of a more subtle effect. Copper (II) is a d ion, 
and therefore susceptible to the Jahn-Teller effect. 
Distortion of the pseudo-octahedral geometry of j4 by axial 
elongation would serve to remove orbital degeneracy and so 
lower the overall energy.
The methyl substituents in 5̂ make themselves felt in 
the packing of the molecules in the crystal lattice. 
Whereas two molecules of £  formed loosely bridged dimers, 
such is not observed for E>. Nonbonding interactions 
between a methyl group of one molecule and a chloride of 








Figure VI. ORTEP of 1_.
Treatment of 2 with C o C ^ ^ I ^ O  in warm MeOH 
afforded a purple solution from which magenta crystals of 6_ 
were obtained by slow evaporation of the solvent. The 
crystals were clear and well-formed at first inspection; 
unfortunately, all crystals tested proved to be twinned, 
and therefore unsuitable for X-ray analysis.
When 3̂ was subjected to the same conditions, the 
outcome was more felicitous. The purplish solution evapo­
rated slowly to give large prisms of a magnificent dark 
blue color (1); these crystals were not twinned. In order 
to compare the behavior of 3_ with different metals, an 
X-ray structure determination of 1_ was undertaken.
Crystals of 1_ consist of neutral molecules in which 
the cobalt (II) coordination geometry is that of a slightly 
distorted tetrahedron (Figure VI). Bond distances and 
angles for 1_ are compiled in Table VII; nonhydrogen atom 
coordinates are listed in Table VIII. In accordance with 
the previous structures, the pyridine rings are planar and 
chelation through the pyridine nitrogens occurs with a 
"bite" angle [99.65(6)°] approximately 10° less than the 
ideal angle. Despite the change in geometry about the 
metal, the chelate ring (Co-Nl-C6-C7-C8-N2) maintains its 
familiar boat conformation, in which Co and C7 (the 
2-dioxolane carbon) reside above the plane of the other 
four atoms.
The expected puckering of the dioxolane ring 
(C7-01-C14-C15-02) locates its atoms on the same side of 
the ligand as the metal and positions 01 above the 
N1-C12-N2 face of the coordination tetrahedron. As 
a consequence, the interaction between Co and 01 is 
extremely weak: the distance between these two atoms is 
2.853A, the longest observed in any of these complexes.
The combination of Co-01 interaction and the somewhat 
constrained Nl-Co-N2 angle produces minor distortion of the 
tetrahedral shape: only the angle N2-CO-C11 [120.80(5)°] 
differs appreciably from the ideal value of 109.5°.
Although the Co-01 vector tilts back toward the N1 pyridine 
(Figure VII), the Nl-Co-N2 plane intersects the Cll-Co-C12
Figure VII. ORTEP Stereopair of 1_.
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plane at an angle of 90.9°, very nearly the angle predicted 
for a tetrahedron.
Reaction of 2 with N i C ^ ^ I ^ O  in warm MeOH 
produced a dark green solution that could not be induced to 
crystallize. Concentration in vacuo produced a yellow 
powder (8j that regenerated the green color upon 
dissolution in MeOH. The yellow color of the solid is 
strongly suggestive of the square planar geometry common to 
many nickel (II) complexes. Dissolution in a polar solvent 
such as MeOH might serve to solvate the axial positions of 
the metal and so change the color to the green that is 
associated with nickel (II) in an octahedral field. The 
square planar complex should be diamagnetic, and therefore 
amenable to ^H NMR analysis. Unfortunately, the extreme 
insolubility of the complex in suitable NMR solvents 
rendered such a study impractical.
Subjection of 3 to the same conditions also resulted 
in the formation of a dark green solution which could be 
concentrated in vacuo to give a brilliant yellow powder 
(9j . Slow evaporation of MeOH from 9̂ afforded a tiny clump 
of golden-yellow needles in a dark green oil. Efforts to 
acquire a single crystal of X-ray quality were futile. As 
for £, however, the yellow color suggested a diamagnetic 
square planar complex, and 9_ was found to be sufficiently 
soluble in DMSO to yield a ^H NMR spectrum. The spectrum
of 9_ exhibited weak but reasonably well resolved doublets 
of doublets for the aromatic protons at 6 7.69, 7.48, and 
7.14, for H-4, H-3, and H-5, respectively. The ketal 
methylene protons resonated at 64.01, and those of the 
methyl groups at 6 2.35; both signals were singlets.
A second attempt was made to secure a large single 
crystal of 9_. The yellow powder was dissolved in absolute 
MeOH and allowed to stand undisturbed for approximately one 
month (although the temptation to lift the flask for a 
brief peek was frequently intense). Evaporation of the 
solvent produced crystals of a different habit than those 
of 9_: the light green crystals of LO were massive and 
highly fractured, but one suitable for X-ray structure 
determination was found.
Crystals of _10 consist of [Ni (_3) * 3^0] cations and
Cl" counterions; the geometry about the nickel (II) is
almost perfectly octahedral. Bond distances and angles for
10 are compiled in Table IX; nonhydrogen atom coordinates
are listed in Table X. In this complex, 3̂ behaves as a
99 101tridentate ligand, ' metal chelation being achieved 
by virtue of the pyridine nitrogens and 01 of the dioxolane 
ring (Figure VIII). The Nl-Ni-N2 "bite" angle is 
87.79(15)° and the N-Ni-01 angle is 77.82(14)° for N1 and 
76.26(14) for N2; the Ni-01 bond is tilted slightly toward
Figure VIII. ORTEP of
Figure IX. ORTEP Stereopair of 10.
the heteroaromatic rings (Figure IX). The Ni-01 distance 
is also indicative of the relative strength of the 
interaction: the two atoms are separated by only 2.113A.
The other features of this structure are much the same 
as observed for the copper (II) and cobalt (II) complexes.
The chelate ring exists in the form of a boat, in which C7 
(the 2-dioxolane carbon) and the metal lie above the plane 
of the other four atoms. The planar pyridine rings make a 
dihedral angle of 66.2° and the dioxolane ring is puckered.
Although the solvent of crystallization was anhydrous 
MeOH, conversion of 9_ to 1J) is not difficult to understand. 
Nickel (II) complexes are frequently hygroscopic, and 
prolonged standing open to the atmosphere offered ample 
chance for 9 to undergo hydration.
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Treatment of 2 with P d C ^  and LiCl in warm CH^CN 
resulted in the slow formation of a yellow complex (11).
The LiCl was added to facilitate dissolution of the
palladium salt by generation of the more soluble
-2PdCl^ ion. Complex _1_1 could be crystallized slowly 
from CHCl^ to give yellow needles, which currently await 
their turn on the diffractometer. In addition, the 
solubility of the diamagnetic, square planar complex in 
CHCl^ afforded the opportunity for a NMR analysis.
The aromatic spectrum of _1_1 consisted of a doublet of 
doublets at 69.27 for H-6, a multiplet at 67.90 that 
included the signals for H-3 and H-4, and a doublet of 
doublets of doublets at 6 7.41 for H-5. For reasons that 
are not understood, the signal for the ketal methylenes 
at 6 4.40 was a symmetrical multiplet rather than the usual 
broad singlet. The complex must be slightly dissymmetric, 
such that the degeneracy of the ketal hydrogens is removed. 
These chemical shift values represent straightforward 
downfield movement of the peaks, arising from the reduction 
of electron density in the ligand when it is coordinated to 
the metal.
Identical treatment of 3̂ with also gave a
yellow complex (12) , but this one could not be induced to 
crystallize. Like 1_1, its solubility in CHCl^ provided 
some information. The NMR spectrum of 12 exhibited a
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multiplet centered at 67.73 for the 3- and 4-pyridine 
hydrogens and a doublet of doublets at 6 7.27 for the
5-pyridine hydrogens. Singlets at 64.56 and 3.37 repre­
sented the ketal and methyl hydrogens, respectively.
Again, the downfield shift of the peaks is a direct conse­
quence of coordination to the metal.
1
Table I I .  H NMR Data f o r  S e lec ted  T ra n s i t io n  Metal Complexes.
Compound 6 -pyH 4-pyH 3-pyH 5-pyH k e ta l  CH
(S o lv e n t)  *"
H  9 .2 7  7 .9 0  7 .41 4 .4 0
(CDC13 ) ( 4 . 9 , 1 . 2 )  m ( 7 . 3 , 4 . 9 , 1 . 2 )  m
12 -  7 .7 3  7 .2 7  4 .5 6  3 .3 7
(CDC1j) m ( 7 . 3 , 1 . 2 )  s s
9 -  7 .6 9  7 .4 8  7 .1 4  4 .01 2 .35
(DMSO-d ) ( 7 . 9 , 7 . 3 )  ( 7 . 9 , 1 . 2 )  ( 7 . 3 , 1 . 2 )  s sD
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EXPERIMENTAL.
General Comments. The basic procedures described in 
Chapter 1 were applied to the following experiments.
Complexes of 2 and 3 with Cu(II), Co (II), and Ni(II). 
A General Procedure. To a solution of 2 (75mg, 0.33mmol) 
or 3̂ (84.5mg. 0.33mmol) in warm MeOH (lOmL) was added a 
solution of the metal salt (0.30mmol) in warm MeOH (lOmL). 
The mixture was refluxed overnight, open to the air. 
Absolute EtOH was added to azeotrope water and the sample 
was concentrated in vacuo. The colored residue was washed 
with 1 : 1  EtOAc/CgH12, to remove excess ligand, then 
dissolved in MeOH. Physical data are in Tables I and II.
Complexes of 2 and 3 with Pd(II). To a solution of 2 
(75mg, 0.33mmol) or _3 (84.5mg, 0.33mmol) in warm CH^CN 
(15mL) was added a solution of PdCl2 (52.4mg, 0.30mmol) 
and LiCl (25.4mg, 0.60mmol) in warm CH^CN (30mL). The 
dark orange solution was stirred overnight at 20°C, during 
which time a yellow precipitate slowly formed. The solid 
was filtered and washed with 1:1 EtOAc/CgH^2 , then 
dissolved in CHCl^. Physical data are in Tables I and 
II.
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Table I I I  
Atoms
C u -C l1 
Cu-Cl 2 


































Bond Distances (A) and Angles ( ° )  and In te rm o le c u la r  Contacts f o r  4 .
o
A Atoms 0 Atoms O
2 .2 6 9 ( 0 ) Cl 1-C u -C l2 9 5 .7 1 (2 ) N2-C7-C6 1 1 4 .8 8 (1 3 )
2 .2 7 3 ( 0 ) Cl 1-Cu-Cl 2 1 0 4 .1 7 (2 ) N2-C7-C8 1 2 2 .0 7 (1 6 )
2 .8 4 4 ( 0 ) Cl 1-Cu-01 9 1 .2 9 (3 ) C6-C7-C8 1 2 2 .9 8 (1 5 )
2 .6 7 8 ( 1 ) Cl1-Cu-N1 8 9 .3 4 ( 4 ) C7-C8-C9 100 . 0 0 ( 00 )
2 .0 2 4 (1 ) C11-Cu-N2 1 6 2 .6 0 (4 ) C8-C9-C10 1 1 9 .1 7 (1 8 )
2 .0 5 5 ( 1 ) C12-Cu-C12 8 3 .3 2 ( 1 ) C9-C10-C11 1 1 9 .2 4 (1 9 )
1 .4 1 7 (2 ) C12-Cu-01 1 1 5 .1 3 (3 ) N2-C11-C10 1 2 2 .2 0 (1 8 )
1 .4 2 7 (2 ) C12-Cu-N1 1 7 2 .0 3 (4 ) 01 -C12-C13 1 0 4 .1 8 (1 7 )
1 .4 0 0 ( 2 ) C12-Cu-N2 9 1 .8 2 ( 4 ) 02-C13-C12 1 0 5 .7 1 (1 6 )
1 .4 2 9 (3 ) Cl2-Cu-01 1 5 4 .9 1 (3 )
1 .3 4 7 (2 ) C12-CU-N1 8 9 .4 7 ( 4 )
1 .3 3 7 (2 ) C12-Cu-N2 9 2 .2 5 ( 4 )
1 .3 4 9 (2 ) 01-Cu-N1 7 0 .7 9 ( 4 )
1 .3 3 9 (2 ) 01-Cu-N2 7 1 .3 1 ( 5 )
1 .3 7 6 (3 ) N1-Cu-N2 8 5 .0 4 (5 )
1 .3 7 6 (3 ) C6-01-C12 1 0 5 .2 0 (1 3 )
1 .3 8 4 (3 ) C6-02-C13 1 0 7 .1 4 (1 5 )
1 .3 8 4 (2 ) Cu-N1-C1 1 2 1 .5 1 (1 1 )
1 .5 1 1 (2 ) Cu-N1-C5 1 2 0 .1 5 (1 0 )
1 .5 2 7 ( 2 ) tC1-N1-C5 1 1 8 .3 3 (1 4 )
1 .3 8 9 (2 ) Cu-N2-C7 1 1 8 .1 4 (1 1 )
1 .3 6 9 ( 3 ) Cu-N2-C11 1 2 3 .2 2 (1 1 )
1 .3 8 3 (3 ) C7-N2-C11 1 1 8 .3 8 (1 4 )
1 .3 7 8 ( 2 ) N1-C1-C2 1 2 2 .2 4 (1 6 )
1 .5 0 8 (4 ) C1-C2-C3 1 1 9 .1 1 (1 7 )
3 .4 7 5 ( 2 ) C2-C3-C4 1 1 9 .2 6 (1 7 )
3 .4 2 8 ( 1 ) C3-C4-C5 1 1 8 .4 4 (1 7 )
3 .4 7 6 ( 1 ) N1-C5-C4 1 2 2 .5 8 (1 5 )
3 .4 1 7 ( 2 ) N1-C5-C6 1 1 3 .9 5 (1 3 )
3 .4 3 3 ( 2 ) C4-C5-C6 1 2 3 .4 2 (1 4 )
3 .4 9 1 ( 2 ) 01 -C6-02 1 0 6 .9 3 (1 3 )
3 .0 4 4 ( 2 ) 01 -C6-C5 1 0 8 .5 1 (1 2 )
3 .4 1 3 ( 3 ) 01 -C6-C7 1 0 9 .8 2 (1 3 )
3 .4 3 7 ( 3 ) 02-C6-C5 1 1 1 .5 5 (1 4 )
3 .3 9 1 ( 3 ) 02-C6-C7 1 1 1 .9 1 (1 3 )
3 .3 3 3 ( 2 ) C5-C6-C7 1 0 8 .0 6 (1 2 )
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Table IV. Crystal Data and Coordinates of Nonhydrogen Atoms for A.
CuCl2^13*̂ 1 m o n o c l in ic  space group P 2 ^ /c ,  a = 9 .0 2 2 ( 2 ) ,
-3
b =12 .0 5 3 ( 3 ) ,  c = 1 3 .5 6 ' f (5 )A ,  3 = 1 0 8 . 5 0 ( 3 ) ° ,  Z=4, D =1-722g cm ,
-1
y(MoKa )=19.50cm , R=0.029 f o r  3107 observed d a ta .
Atom X y z
Cu 0.03933(2) 0.35604(2) 0.45285(2)
C ll -0 .19854(6) 0.29990(5) 0.34796(4)
C12 0.02681(5) 0.52856(4) 0.38304(3)
01 0.1829(1) 0 .2033(1) 0.3720(1)
02 0.3765(2) 0 .0905(1) 0.4666(1)
N1 0.0584(2) 0.2132(1) 0.5344(1)
N2 0.2764(2) 0.3693(1) 0 .5242(1)
Cl -0 .0 3 91 (2 ) 0.1895(2) 0.58B9(2)
C2 -0 .0 2 68 (2 ) 0.0933(2) 0 .6455(2)
C3 0.0854(3) 0.0166(2) 0.6439(2)
C4 0.1665(2) 0.0398(2) 0 .5883(1)
C5 0.1687(2) 0.1390(1) 0 .5344(1)
C6 0.2757(2) 0.1758(2) 0 .4746(1)
C 7 0.3651(2) 0.2781(2) 0.5285(1)
CO 0.5241(2) 0.2769(2) 0.5827(2)
C9 0.5929(2) 0.3710(2) 0.6332(2)
CIO 0.5022(2) 0.4644(2) 0.6295(2)
C ll 0 .3452(2) 0 .4608(2) 0 .5741(1)
C12 0.2827(2) 0 .1882(2) 0.3098(2)
C13 0.3972(3) 0 .1006(3) 0.3668(2)
f
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Table V. Bond Distances (A) and Angles (°) for 5.
O
Atoms A Atoms O Atoms 0
C u -C l1 2 .2 0 4 ( 1 ) Cl 1-C u -C l2 9 4 .4 3 (3 ) C5-C6-C7 1 2 2 .0 5 (2 2 )
C u -C l2 2 .2 5 0 ( 1 ) Cl 1-Cu-01 1 0 6 .9 1 (4 ) 01 -C7-02 1 0 6 .4 1 (1 7 )
Cu-01 2 .4 0 0 (2 ) Cl1-Cu-N1 9 4 .5 7 (6 ) 01-C7-C6 1 0 7 .1 3 (1 8 )
Cu-N1 2 .1 3 6 ( 2 ) C11-Cu-N2 1 7 2 .5 9 (5 ) 01-C7-C8 1 1 0 .4 8 (1 8 )
Cu-N2 2 .0 1 4 (2 ) Cl2-Cu-01 9 3 .7 1 ( 5 ) 02-C7-C6 1 1 2 .5 6 (1 8 )
01 -C7 1 .4 2 0 (3 ) Cl2-Cu-N1 1 6 7 .2 4 (6 ) 02-C7-C8 1 1 1 .3 7 (1 8 )
01 -C14 1 .4 3 4 (3 ) C12-Cu-N2 9 0 .1 0 (6 ) C6-C7-C8 10 8 .7 9 (1 8 )
0 2 -C7 1 .4 0 0 (3 ) 01 -Cu-N1 7 5 .0 0 ( 7 ) N2-C8-C7 1 1 3 .2 9 (1 9 )
02-C15 1 .4 3 4 (4 ) 01 -Cu-N2 7 8 .5 9 ( 6 ) N2-C8-C9 1 2 2 .7 1 (2 2 )
N1-C2 1 .3 4 6 (3 ) N1-Cu-N2 8 1 .9 4 (7 ) C7-C8-C9 1 2 3 .9 5 (2 1 )
N1-C6 1 .3 4 8 (3 ) C7-01-C14 1 0 4 .3 6 (1 8 ) C8-C9-C10 1 1 8 .6 5 (2 5 )
N2-C8 1 .3 4 2 (3 ) C7-02-C15 1 0 7 .4 0 (1 8 ) C9-C10-C11 1 1 8 .7 9 (2 5 )
N2-C12 1 .3 3 9 (3 ) Cu-N1-C2 1 2 9 .3 9 (1 7 ) C10-C11-C12 .1 2 0 .1 9 ( 2 4 )
C1-C2 1 .4 8 4 (4 ) Cu-N1-C6 1 1 1 .6 7 (1 5 ) N2-C12-C11 1 1 9 .9 8 (2 3 )
C2-C3 1 .3 9 9 (4 ) C2-N1-C6 1 1 8 .8 4 (2 0 ) N2-C12-C13 1 1 7 .5 9 (2 3 )
C3-C4 1 .3 5 8 (5 ) CU-N2-C8 1 1 4 .6 2 (1 5 ) C11-C12-C13 1 2 2 .4 3 (2 4 )
C4-C5 1 .3 9 1 (5 ) Cu-N2-C12 1 2 5 .5 6 (1 6 ) 01-C14-C15 1 0 2 .9 4 (2 2 )
C5-C6 1 .3 7 3 (3 ) C8-N2-C12 1 1 9 .6 0 (2 1 ) 02-C15-C14 1 0 5 .3 8 (2 1 )
C6-C7 1 .5 0 8 (3 ) N1-C2-C1 1 1 9 .0 9 (2 3 )
C7-C8 1 .5 3 9 (3 ) N1-C2-C3 1 1 9 .5 6 (2 5 )
C8-C9 1 .3 5 6 (3 ) C1-C2-C3 1 2 1 .3 4 (2 6 )
C9-C10 1 .3 8 2 (4 ) C2-C3-C4 1 2 1 .2 6 (2 7 )
C10-C11 1 .3 7 5 (4 ) C3-C4-C5 1 1 8 .9 6 (2 6 )
Cl 1-C l  2 1 .3 8 5 ( 4 ) C4-C5-C6 1 1 7 .7 2 (2 8 )
C12-C13 1 .4 8 6 (4 ) N1-C6-C5 1 2 3 .5 8 (2 4 )
C14-C15 1 .5 0 5 ( 4 ) N1-C6-C7 1 1 4 .2 9 (1 9 )
Table VI. Crystal Data and Coordinates of Nonhydrogen Atoms for 5.
CuCl C H N 0 , FW=390.8, t r i c l i n i c  space group P1, a = 8 .2 2 1 ( 3 ) ,  b=! 
2 1 5 1 6 2 2  ""
c=11 . 3 5 1 (3 )A ,  C l=99 .89 (3 ) ,  3 = 1 0 0 .2 1 (3 ) ,  7 = 1 0 0 . 0 8 ( 3 ) ° ,  Z=2, 0^ =1 .58Ag 
y(MoK^)=16.71cm \  R=0.035 f o r  2267 observed d a ta .
Atom X y z
cu 6.60554(4) 0.07902(3) 0.77158(3)
CL I 0 .58833C 9 -0.02B59(0) 0.83707( 7
CL2 0.84506(14 -0 .13772(9) 0.66861(10
01 0.6923(2) 0 .1575(2) 0.5890(2)
02 0.7772(3) 0.3741(2) 0,5300(2)
Nt 0.7749(3) 0.3019(2) 0.8331(2)
H2 1.0169(3) 0.1903(2) 0.7338(2)
Cl 0.7770(5) 0.2888(4) 1.0462(3)
C2 0.7553(4) 0.3681(3) 0 .9433(3)
C3 0.7179(5) 0.5109(4) 0 .9594(3)
C4 0.7070(5) 0.5866(4) 0.8669(4)
C5 0.7331(4) 0.5198(3) 0.7543(3)
CG 0.7663(3) 0.37B5(3) 0.7421(3)
C7 0.8059(3) 0.2993(3) 0.6264(2)
CB 0.9900(3) 0.2797(3) 0.6543(2)
C9 1.1151(4) 0.3496(3) 0.6075(3)
C10 1.2772(4) 0.3282(4) 0.6435(3)
C ll 1.3064(4) 0 .2407(4) 0.7280(3)
C12 1.1740(4) 0 .1724(3) 0.7734(3)
C13 1.1987(5) 0.0781(4) 0.8658(4)
C14 0.6867(5) 0 .1148(4) 0.4605(3)
C15 0.7045(6) 0.2623(4) 0.4204(3)





Table V I 1. Bond D istances (A) and Angles ( ° )  and In te rm o le c u la r  Contacts f o r  7 .
Atoms
0
A Atoms O Atoms 0
Co-Cl1 - 2 .2 7 1 ( 1 ) Cl1-Co-C12 1 1 3 .8 2 (3 ) 02-C7-C8 1 1 0 .4 2 (1 7 )
Co-C12 2 .2 1 4 ( 1 ) C11-CO-N1 1 0 2 .1 6 (5 ) C6-C7-C8 1 1 6 .9 9 (1 7 )
Co-N1 2 .0 6 2 (2 ) C11-Co-N2 1 0 2 .8 0 (5 ) N2-C8-C7 1 1 5 .5 7 (1 7 )
Co-N2 2 . 020 ( 2 ) C12-Co-N1 1 1 4 .9 1 (5 ) N2-C8-C9 1 2 2 .5 6 (2 1 )
Co-01 2 .8 5 3 (2 ) C12-Co-N2 1 2 0 .8 9 (5 ) C7-C8-C9 1 2 1 .5 7 (2 0 )
01 -C7 1 .4 1 4 (2 ) N1-Co-N2 9 9 .6 5 ( 6 ) C8-C9-C10 1 1 7 .7 2 (2 3 )
01-cn 1 .4 4 1 (3 ) C7-01-C14 1 0 4 .7 0 (1 5 ) C9-C10-C11 120 . 01 ( 22 )
02-C7 1 .4 0 8 (2 ) C7-02-C15 1 0 7 .2 2 (1 6 ) C10-C11-C12 1 2 0 .0 6 (2 3 )
02-C15 1 .4 3 2 (3 ) Co-N1-C2 1 2 3 .7 0 (1 4 ) N2-C12-C11 1 2 0 .1 5 (2 2 )
N1-C2 1 .3 4 2 (3 ) C0 -N I -C 6 1 1 7 .2 6 (1 3 ) N2-C12-C13 1 1 8 .1 4 (2 0 )
N1-C6 1 .3 6 1 (3 ) Co-N2-C8 1 1 8 .4 4 (1 8 ) C11-C12-C13 1 2 1 .6 9 (2 2 )
N2-C8 1 .3 5 0 (3 ) Co-N2-C12 1 1 6 .6 2 (1 3 ) 01 -C14-C15 1 0 3 .3 5 (1 8 )
N2-C12 1 .2 4 4 (3 ) N1-C2-C1 1 2 3 .5 4 (1 4 ) 02-C15-C14 1 0 5 .6 3 (1 7 )
C1-C2 1 .4 9 2 (3 ) N1-C2-C3 1 1 9 .3 0 (1 8 )
C2-C3 1 .3 9 2 (3 ) C1-C2-C3 1 1 8 .7 7 (2 1 )
C3-C4 1 .3 6 2 (4 ) C2-C3-C4 1 2 0 .3 4 (2 0 )
C4-C5 1 .3 6 9 (3 ) C3-C4-C5 1 2 0 .8 3 (2 1 )
C5-C6 1 .3 7 0 (3 ) C4-C5-C6 1 2 0 .3 5 (2 3 )
C6-C7 1 .5 2 0 (3 ) N1-C6-C5 1 1 9 .5 2 (2 4 )
C7-C8 1 .5 2 4 (3 ) N1-C6-C7 1 1 8 .5 2 (2 2 )
C8-C9 1 .3 7 7 (3 ) C5-C6-C7 1 2 2 .6 3 (1 9 )
C9-C10 1 .3 8 4 (4 ) 01 -C7-02 1 1 4 .6 1 (1 7 )
C10-C11 1 .3 6 0 (4 ) 01-C7-C6 1 2 2 .5 6 (1 9 )
C11-C12 1 .3 9 3 (3 ) 01 -C7-C8 1 0 6 .1 3 (1 6 )
C12-C13 1 .4 9 2 (3 ) 02-C7-C6 1 0 5 .1 2 (1 6 )
C14-C15 1 .5 0 2 ( 3 ) 1 0 8 .7 3 (1 6 )
01 -C3 3 .3 1 7 ( 3 ) 1 0 8 .8 1 (1 7 )
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Table VIII. Crystal Data and Coordinates of Nonhydrogen Atoms for 7.
CoC l^C ^H ^N ^O ^, FW=386.2, m on oc lin ic  space group P 2^ /n ,  a = 8 .6 5 8 ( 1 ) ,
b = 1 1 .1 2 7 ( 4 ) ,  c = 1 6 .7 3 1 ( 4 ) * ,  6 = 9 0 . 2 8 ( 2 ) ,  l=h, D =1 .591g cm , 3y(MoKj()=H .0 3 c m  , 1
R=0.036 f o r  2233 observed d a ta .
Atom X x
Co 0.52274(4) 0.30657(3) 0.30011(2)
C ll 0.62695(11 0.30371(0) 0.26431(5)
C l2 0.66133( B 0.37227(7) 0.48265(4)
01 0.3035(2) 0.2655(2) 0.5119(1)
02 0.0717(2) 0.1049(2) 0 .4011(1)
N1 0.4507(2) 0.1312(2) 0.4016(1)
N2 0.3125(2) 0.3062(2) 0.3604(1)
Cl 0 .7097(4) 8.0536(3) 0.3764(2)
C2 0.5401(3) 0.0355(3) 0.3062(1)
C3 0.4761(4) -0 .0792(3 ) 0.3829(2)
C4 0.3215(4) -0 .0951 (3 ) 0.3931(2)
C5 0.2304(4) 0.0010(3) 0.4100(2)
C6 0.2982(3) 0 .1126(2) 0.4167(1)
C7 0.2126(3) 0.2223(2) 0.4476(2)
ce 0.1057(3) 0.3248(2) 0.3887(2)
C9 0.0393(3) 0.3570(3) 0 .3644(2)
C10 0.0232(4) 0.4624(3) 0.3212(2)
C ll 0 .1495(4) 0.5306(3) 0 .3046(2)
C12 0.2950(3) 0.4921(2) 0.3202(2)
C13 0.4368(4) 0.5651(3) 0 .3122(2)
C14 0.1954(4) 0.3245(3) 0.5640(2)
C15 0.0496(3) 0.2529(3) 0.5520(2)
Table IX.
o




Ni -01 2 .1 1 3 ( 3 ) 01 -N -03 1 7 5 .8 1 (1 5 )
Ni -03 2 .0 2 6 ( 3 ) 01 -N -04 9 2 .1 7 (1 8 )
N i -0 4 2 .0 6 0 (A ) 01-N -05 9 1 .6 2 (1 5 )
Ni -05 2 .0 2 9 ( 4 ) 01-N -N1 7 7 .8 2 (1 4 )
N i -N I 2 .1 2 4 ( 4 ) 01-N -N2 7 6 .2 6 (1 4 )
Ni -N2 2 .1 4 9 ( 4 ) 03-N -04 9 1 .9 8 (1 7 )
01-C7 1 .4 4 2 (5 ) 03-N -05 8 7 .9 6 (1 7 )
01-C14 1 .4 2 9 ( 7 ) 03-N -N1 1 0 2 .7 3 (1 5 )
02-C7 1 .4 0 4 ( 5 ) 03-N -N2 9 9 .5 8 (1 5 )
02-C15 1 .4 2 4 ( 6 ) 04-N -05 8 9 .7 2 (1 9 )
N1-C2 1 .3 4 8 (8 ) 04-N -N1 8 9 .7 3 (1 6 )
N1-C6 1 .3 6 7 ( 5 ) 04-N -N2 1 6 8 .4 3 (1 8 )
N2-C8 1 .3 4 7 ( 5 ) 05-N -N1 1 6 9 .4 0 (1 5 )
N2-C12 1 .3 4 0 ( 7 ) 0 5 - N -N2 9 0 .6 4 ( 1 8 )
C1-C2 1 .5 0 1 (7 ) N1-N -N2 8 7 .7 9 (1 5 )
C2-C3 1 .3 8 8 ( 8 ) N i - 0 1 -C7 9 9 .7 5 (2 3 )
C3-C4 1 .3 4 8 (8 ) Ni -01 -C14 1 4 8 .6 7 (3 4 )
C4-C5 1 .3 9 1 (1 1 ) C7-01 -C14 1 0 6 .1 7 (3 7 )
C5-C6 1 .3 8 3 ( 7 ) C7-02 ■C15 1 0 6 .4 7 (3 5 )
C6-C7 1 .5 p 5 (7 ) N i-N1-C2 1 3 2 .3 4 (3 1 )
C7-C8 1 .4 9 6 ( 8 ) N i-N1-C6 1 0 9 .7 1 (3 3 )
C8-C9 1 .3 8 3 ( 6 ) C2-N1-C6 1 1 7 .7 0 (4 4 )
C9-C10 1 .3 7 7 ( 9 ) Ni -N2-C8 1 0 9 .6 3 (3 0 )
C10-C11 1 .3 7 3 ( 9 ) Ni -N2--C12 1 3 2 .0 6 (2 7 )
C11 -C12 1 .4 1 8 ( 8 ) C8-N2 -C12 1 1 8 .3 1 (3 5 )
C12-C13 1 .4 8 5 ( 8 ) C1-C2-C3 1 2 2 .0 3 (5 8 )
C14-C15 1 .4 6 4 ( 9 ) C2-C3-C4 122 .28  ( 67)
Cl 1 -03 3 .1 2 2 ( 4 ) C3-C4-C5 1 1 8 .1 2 (7 1 )
Cl 1 -04 3 .1 0 2 ( 5 ) C4-C5-C6 1 1 8 .5 2 (5 0 )
Cl 1 -05 3 .0 6 8 ( 4 ) C5-C6-C7 1 2 3 .6 9 (4 1 )
Cl 2 -03 3 .1 5 3 ( 4 ) C6-C7-C8 1 1 0 .9 9 (3 8 )
Cl 2 -04 3 .1 8 3 ( 5 ) C7-C8-C9 1 2 2 .4 6 (4 4 )
Cl 2 -05 3 .2 0 0 ( 5 ) C8-C9-■C10 1 1 8 .2 3 (4 6 )
C9-C10 -C11 1 1 9 .4 1 (5 0 )
C10-C11--C12 1 1 9 .4 5 (7 3 )
C l 1 -C l 2 -C13 1 1 8 .4 4 (6 1 )
Table X. Crystal Data and Coordinates for Nonhydrogen Atoms for Jj).
N1C l,C  H N 0 ,  FW=440.0, orthorhombic space group Pbca, a = 1 2 .1 8 5 (A ) ,2 15 22 2 5 ”
b = 1 3 .8 2 0 ( 5 ) ,  c=21 .881 (4 ) f l ,  Z=8, D = 1 .5 8 6 g  cm j \ i (M o K  )=13.76cm j 1R=0.033 f o r
-  ~  C ot
2423 observed d a ta .
Atom X y z
NI 0.56050(3) 0.39663(3) 0.68019(2)
Cl 1 0.66695(6) 0.40021(6) 0.21277(5)
C12 0.17670(6) 0.41173(7) 0.63494(5)
01 0.7235(2) 0 .3710(2) 0.65141(8)
02 0.8080(1) 0.3399(2) 0.56000(8)
03 0.4037(1) 0.4291(2) 0.70322(9)
04 0.5746(3) 0 .2 9 & U ) 0.75135(9)
OS 0.6095(1) 0.5049(2) 0.73655(9)
NI 0 .5407(1) 0.2794(2) 0 .6184(1)
N2 0.5794(2) 0.4895(2) 0.6021(1)
Cl 0.3761(2) 0.2064(3) 0 .6617(2)
C2 0.4674(1) 0.2065(3) 0 .6156(1)
C3 0.4775(3) 0.1347(2) 0.5716(2)
C4 0.5604(3) 0.1335(3) 0.5309(2)
C5 0.6381(2) 0.2072(3) 0.5337(2)
C6 0.6265(2) 0.2776(3) 0.5781(1)
C7 0.7057(2) 0.3601(3) 0.5866(1)
C8 0.6570(3) 0 .4533(3) 0.5648(2)
C9 0.6863(3) 0.4952(3) 0.5098(1)
C10 0.6340(2) 0.5792(3) 0.4925(2)
C ll 0 .5584(2) 0 .6204(4) 3.5311(2)
C12 0.5300(3) 0 .5724(2) 0.5861(1)
C13 ( 0 .4460(2) 0 .6171(4) 0.6264(2)
C14 0.8288(3) 0 .3299(5) 0.6637(1)
C15 0.8877(1) 0.3515(4) 0.6070(2)




6 ,6 ' -Bis [2"- (2'"-pyridyl) -1" , 3"-dioxolan-2"-yl] -




As previously discussed in Chapters 2 and 4, the
immediate attachment of an oxygen or sulfur atom to the
heteroaromatic ring of a pyridyl coronand subverts the
ability of these compounds to engage in metal ion 
41 50coordination. ' Not only does the presence of an
electron-withdrawing group in an ortho position on the
pyridine ring vitiate the donor properties of the 
8 5nitrogen by virtue of the imidate (or thioimidate)
84function that results, but approach to the N-lone pair
is severely restricted. Chapter 4 recounts one, regret­
tably, unsuccessful attempt to alleviate these problems. 
There, inclusion of a tetrahedral carbon atom between the 
pyridine and the first bridge heteroatom was envisioned as 
a solution: flexibility and basicity would be reinstated.
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Because the notion of a functionalized tetrahedral 
carbon as an insulator seemed so reasonable, one last 
effort to obtain such a substrate was mounted. The energy 
expended was minimal. A brief rummage among the dusty 
bottles of Previously Prepared Compounds (Chapter 1) 
produced 6 ,6 ' -bis [2 "- (6 ,l-bromo-2l,-pyridyl) -1", 3 "-dioxolan- 
2 M-yl]- 2 ,2 1-dipyridine CO. This was the substrate that
1
had everything. At its heart lay the well-known^ chelating 
agent 2 , 2  *-dipyridine, protected from the ravages of 
electronegativity by a pyridyl ketal unit, itself shown 
(Chapter 5) to be an aid to metal ion coordination. Only 
the resolutely anti conformation of the consecutive pyr­
idine rings offered any hint of difficulty.
RESULTS AND DISCUSSION.
Treatment of _1 with the disodium salt of an 
oligoethylene glycol in toluene (90°C) for several days 
afforded the desired diketal coronands (2̂) . [For the sake
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, JL, n=l 




of the illustration, the dipyridino unit is drawn in the
syn conformation; in reality, this moiety is anti.] The
NMR spectra of 2a-e (Table I) were quite similar: in
addition to the usual peaks for the glycol protons (Chapter
2 ) and the ketal signal [which appears as a singlet at an
average value of 64.20(1.03)] was a very complicated
aromatic region. Except for the H-4 and H-5 signal of the
dipyridine, which overlapped to give a multiplet, all of
the resonances were doublets of doublets and appeared at
the following average chemical shift values: 6 6 .6 6 (1 .0 2 ),
H-5'; 7.46 (1.03), H-3'; 7.63 (1.02), H-4'; 7.72 (1.04),
H-4,5; 8.16 (1.06), H-3. The downfield position of the H-3
signal indicated that, even in the smallest of the
coronands, the dipyridine group was in the anti 
18conformation. The MS data of _2a~e were quite 
73 74conclusive ' with regard to identification: the
Table I. NMR Data for Diketal Coronands 2.
Cmpd 3-pyH 4 ,5 -p yH  4 ' -pyH3 3 1 -pyH*3
2a 8 .2 2  7 .7 0
2b 8 .1 6  7 .7 6
2c 8 .1 4  7 .6 4
2d 8 .1 4  7 .7 4
2e 8 .1 6  7 .7 4
4 8 .21 7 .7 2 ,7
5 8 .2 0  7 .7 0
7 .6 3  7 .43
7 .6 5  7 .4 8
7 .6 4  7 .4 8
7 .6 3  7 .4 7
7 .6 2  7 .45
58 7 .3 3  7 .12
7 .5 5  7 .5 5





































molecular ion was observed for each compound (Table II) and
the base peak for each represented a pyridone ketal 
fragment.
The reaction with diethylene glycol produced not only
the desired coronand, 2a, but an open-chain compound (3_) as
well. In sharp contrast to the results described in
Chapter 2, this was the lone uncyclized compound isolated
from any of the reactions-discussed herein. The other 
6 0glycols gave products that arose from the parent
42-44compound and all smaller oligoethylene glycols,
except ethylene glycol itself. Thus, reaction of _1 with
hexaethylene glycol afforded 2 a-e, in moderate yields.
Table III lists the relative amounts of glycol 
fragmentation products. For reaction of JL with 
tetraethylene glycol, virtually all of the substrate was 
converted to macrocycle. No good explanation for this 
phenomenon has'been concocted.
OH 3
Table II. Physical Data for Diketal Coronands 2.
















5 5 6 (1 4 )
6 0 0 (3 )
6 4 4 (2 )
688(2)






5 5 8 (3 )
aAl 1 were o i l s  except 2a (mp 176-177°C) and 5 (mp 2 3 0 -2 3 0 .5 ° C ) . f t i th  the  








aTable III. Relative Yields of Glycol Fragmentation Products.
R e la t i v e  Percentages o f  M acrocyc lic  Products
Glycol
Used Di T r i  T e t ra  Penta Hexa Total
Di 68 - - - - 68
T r i 9 56 - - - 65
T e tra 8 15 76 _ 99
Penta 3 5 9 17 - 34
Hexa 1 2 4 9 9 25
Q
Y ie ld s  based on 1.
Subjection of 1_ to the disodium salt of bis (2-mercap-
5 8toethyl) sulfide in toluene afforded (2 %) coronand 4_, 
as a yellow oil. The NMR spectrum of j4 (Table I) 
bears a strong resemblance, but is not identical, to that
4
of 2b. Replacement of the bridge oxygens by less electro­
negative sulfurs'** ' ^  shifts the a-methylene signals
upfield somewhat (63.65), as it does the H-3 ’ and -4' 
signals (67.12 and 7.33, respectively). There is no parent 
peak evident in the MS data (Table II), but the base peak 
corresponds to a thiopyridone ketal fragment (m/e 194).
When _1 was treated with the disodium salt of 
b i s (2 -mercaptoethyl) ether under the same conditions 
described for the glycols, the product (75%) was a 
colorless oil (j>) that could be crystallized by slow 
evaporation of an EtOH/CH^CN solution. Again, the ‘*'H 
NMR data (Table I) reflect the change of the first bridge 
heteroatom from oxygen to sulfur: for 5, only the 
resonances of the a-methylene hydrogens and H-5 1 are 
significantly different from those of the oxygen analogues. 
The peaks for the a-protons are shifted to 62.50, even 
farther upfield than for 4_. The resonance for H-5' occurs 
at 67.16, far downfield (A6=0.5) of the corresponding 
signal of 2 or A_, but at approximately the same location
196
(67.18) as H-5 in 6ia. Compound 6 b, the monoketal analogue 
of j4, was not available for comparison. However, the 
differences in electronegativity, polarizability, and 
bonding character between oxygen and sulfur (Chapter 2) 
would seem to indicate that it is the spectrum of _4 that is 
unusual. Although the mass spectrum (Table II) showed a 
molecular ion at m/e 558 which corresponded to the molec­
ular ion of f>, the disparity in the *H NMR spectra of 
_4 and 5̂ occasioned an X-ray structure analysis of the 
latter.
The molecule is illustrated in Figure I. The most 
striking feature of its solid state conformation is the 
anti disposition of the central dipyridino group: the 
N1-C1-C26-N4 torsion angle is 175.7°. The pyridine rings 
are planar and are turned with respect to the dioxolane 
rings such that the nitrogen atoms are essentially anti to 
oxygen. Thus, N1-C5-C6-02 is 172.0°, N2-C7-C6-03 is 
171.1°, and the dihedral angle between the two pyridine 
rings is 104.4°. Torsion angles about the other dioxolane 
are 169.0° for N4-C22-C21-05 and 173.6° for N3-C20-C21-O4;
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Figure I. ORTEP of 5.
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the dihedral angle between these pyridine rings is 75.8°. 
The dioxolane rings are nonplanar. For reasons described 
above, the torsion angles of the thioimidate linkage are 
larger than those generally observed when oxygen is 
adjacent to the heteroaromatic ring: -17.1° and -6.3° for 
N2-C11-S1-C12 and N3--C16-S2-C15, respectively. The 
thioether bridge consists of only seven atoms, but is of 
sufficient length to prevent real strain or distortion in 
the rest of the molecule. The only obvious deformation is 
the somewhat low dihedral angle between the pyridine rings 
of N3 and N4 (Figure II),. Bond distances and angles of 5̂
Figure II. ORTEP Stereopair of 5̂.
are compiled in Table IV; the nonhydrogen atom coordinates 
are listed in Table X.
Reaction of 5_ with the chlorides of copper (II), 
cobalt(II), nickel(II), and palladium(II) produced brightly 
colored complexes (Table V ) . Each of the adducts melted or 
decomposed above 250°, and each displayed a 1:1 metal to
Table IV. Physical Data for Transition Metal Complexes of 5.
Metal S a l t  Wt (0 .1  mmol)
CuCl^ 1 3 .4  mg
NiCl 6H 0 2 3 .7  mg2 2
CoCl 6H 0 2 3 .7  mg2 2
PdCl2 1 7 .7  mg
Elemental A nalys is  Found (Calcd
c H N
4 9 .83 3 .8 8 7 .7 5
( 4 9 .9 8 ) ( 3 .7 9 ) ( 7 .6 4 )
4 3 .6 0 3 .8 8 6 .7 8
(4 3 .7 3 ) ( 3 .8 1 ) ( 6 .5 7 )
4 3 .5 9 3 .3 9 6 .7 8
(4 3 .8 1 ) ( 3 .2 6 ) ( 6 .6 3 )
4 8 .9 6 3.81 7 .6 2
(4 9 .2 2 ) ( 3 .6 7 ) ( 7 .5 4 )
D e s c r ip t io n
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ligand stoichiometry, as indicated by the elemental 
analyses. The copper (II), nickel(II), and palladium(II) 
compounds J_6 , 1_, and j3, respectively) were powdery; only 
the cobalt (II) adduct (9̂) gave crystals suitable for X-ray 
diffraction studies.
Dark turquoise prisms of 9_ were found to. consist of 
neutral molecules chelated by the two nitrogen atoms (N1 
and N4) of the dipyridino group. As illustrated in Figure 
III, the metal is also involved in interactions with 02 and 
04 of the dioxolane rings. Distances from the metal to 
these two oxygens are different [2.404(3)A and 2.868(3)A 
for Co-02 and Co-04, respectively], but both are similar to 
the values observed for monoketals (Chapter 5). Bond 
distances and angles for £ are compiled in Table VI; 
coordinates of the nonhydrogen atoms are listed in Table 
XI. Partial coordination by the nonplanar dioxolane rings 
and a dihedral angle near 90° between the Nl-Co-N4 and 
Cll-Co-C12 planes (Figure IV) indicates a geometry about 
the metal that is best describes as a bis-capped tetra­
hedron. The Co-02 vector essentially bisects the Nl-Cll- 
C12 face, as the Co-04 does the N4-C11-C12 face. The 
constraints of the dipyridine system distort the tetra­
hedron to some extent: the "bite" angle of the nitrogens is 
79.25(15)° whereas the angle between the large chlorines is 
137.61(6)°. Probably as a result of sulfur substitution at
ttT ORTEP of 9. Figure H-1-*
the 6 -position of their pyridine rings, N2 and N3 do not 
act as donors to the cobalt (II).
As before, the disposition of the pyridine rings with 
respect to the dioxolane rings is such that the nitrogen 
atoms try to be anti to oxygen. In order to accommodate 
chelation of the cobalt, however, the usual pyridyl ketal 
geometry is distorted somewhat. The torsion angle for 
N2-C7-C6-03 is 164.6°, but that of N1-C5-C6-03 is only 
119.8°. The deformation is similar for the other 
dioxolane: the torsion angle for N4-C22-C21-05 is -160.0°, 
whereas that for N3-C20-C21-O4 is 137.6°. For the C 6 
dioxolane, it is the N2 ring that rotates out of the 
preferred conformation; for the C21 dioxolane, the N4 ring 
of the dipyridine unit does so. However, because of the 
constraints of that ring, the distortion is smaller. The 
torsion angles of the thioimidate linkages match those of 
the uncomplexed ligand: 7.5° for N2-C11-S1-C12 and -21.7° 
for N3-C16-S2-C15.
Unlike diketals 1_0, which were very difficult to
8 107hydrolyze to the corresponding diketones LI, ' 
diketals 2 were smoothly converted to 12 upon reflux in 1 : 1  
MeOH/6 M HC1 for three days (Table VII). Progress of the 
reaction was monitored by TLC (silica): the diketones 
produced the characteristic green-brown color at 366nm. 
Deprotection of the ketones was verified by the appearance
Table V. Physical Data for Diketone Coronands 12.
Cmpd3 % IR(cm  ̂  MS
C=0 M
12a 71 1682 1590 1460 46 8 (6 0 )
12b 99 1678 1583 1454 51 2 (6 3 )
12c 86 1678 1600 1457 556 (56 )
12d 87 1681 1592 1459 60 0 (1 5 )
12e 81 1677 1592 1454
CO
a b
A l l  compounds were o i l s .  Spectra  were o bta in ed  from neat  samples.
Table VI. NMR Data for Diketone Coronands 12.
Cmpd 3-pyH9 4-pyHb 3 1 -pyH°
12a 8 .2 8  7 .9 0
12b 8 .5 7  7 .9 4  7 .8 0
12c 8 .5 8  7 .9 5  7 .9 5
12d 8 .5 9  7 .9 8  7 .9 5
12e 8 .5 9  7 .9 8  7 .98






a j = 7 . 9 ,  1 . 1Hz. bJ = 7 .9 ,  7 .9 H z .  CM u l t i p l e t s .  d= 4 .7 -5 .6 H z .

























of a carbonyl stretching band at approximately 1680cm  ̂
in the IR spectra of _1 2 , and by the downfield shifts
Figure IV. ORTEP Stereopair of j).
(A6=1.2) of H-5'in the NMR spectra. The relative 
simplicity of these spectra indicated that there was a 
axisin the molecule (Table VIII). Furthermore, the MS 
data for each ketone displayed a molecular ion. Complex- 
ation studies of 1_2 have yet to be conducted.
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EXPERIMENTAL.
General Comments. The basic procedures described in 
Chapter 1 were applied to the following experiments.
Reaction of 6 , 6 1 -Bis [211-(6"l-bromo-2ll-pyridyl)-1" , 3"- 
dioxolan-2"yl]-2,21-dipyridine with Polyethylene Glycols.
A General Coronand Preparation. A suspension of oil-free 
NaH (120mg, 5mmol) in anhydrous toluene (lOOmL) was stirred 
under a nitrogen atmosphere for ten minutes. Addition of 
the glycol or thiol (0.5mmol) in anhydrous toluene (25mL) 
resulted in the formation of a viscous grey mass and 
copious evolution of hydrogen. After thirty minutes, all 
effervescence had ceased and solid 1̂ (306mg, 0.5mmol) was 
added, followed by toluene (25mL). The mixture was stirred 
at 90°C for five days, carefully quenched with water, and 
concentrated _in vacuo. The aqueous slurry was extracted 
with DCM (4x75mL), and the combined organic extract was 
dried over MgSC>4 and evaporated in vacuo. Further 
purification was achieved by thick layer chromatography.
Complexation of 5 with Transition Metal Chlorides. A 
solution of f5 (58.8mg, O.lmmol) in CHC13 was added to a 
solution of metal chloride (O.lmmol) in MeOH (5mL). [The 
reaction with P d C ^  was conducted in CH^CN.] After 
four hours at reflux, the mixture was concentrated in vacuo 
to a volume of 5mL and the remaining solvent was allowed to 
evaporate slowly.
Hydrolysis of Diketal Coronands 2. A General Proce­
dure . A solution of 2 (0.4mmol), aqueous HC1 (lOmL, 6 M ) , 
and MeOH (lOmL) was refluxed for 72 hours. After MeOH was 
removed jin vacuo, the acidic residue was neutralized with 
10% Na 2 CC>3 and extracted with CHCl^ (4x50mL) . The 
combined organic extract was dried and concentrated to 
afford the diketone coronands. Further purification was 
achieved by thick layer chromatography.
208
o







S I -C l  1 1 .7 7 8 (3 ) S1-CA 3 . A77(A) 01-C1A-C15 1 0 8 .3 7 (3 3 )
S1-C12 1 .7 97 (A ) 02-C9 3 .2 9 2 (A ) S2-C15-C1A 1 1 3 .A9(31 )
S2-C15 1.79A (A ) 02-C29 3 . A36(5) S2-C16-N3 1 1 8 .5 6 (2 8 )
S2-C16 1 .7 69 (A ) 0A-C15 3 .A 6 3 (5 ) S2-C16-C17 1 1 9 .1 1 (3 2 )
01 -C l 3 1 .A 0 0 (5 ) 05-C27 3 .3 6 A (6 ) N3-C16-C17 1 2 2 .3 0 (3 5 )
01-C 14 .A 09(5 ) N3-C27 3 .A 6 1 (5 ) C16-C17-C18 1 1 8 .7 1 (3 7 )
02-C6 1. A23( A)
C17—C18-C19 1 1 9 .9 0 (3 6 )
02-C27 1 .3 9 2 (5 ) C18-C19-C20 117.73  3A)
03-C6 1 . A26(A) Atoms o N3-C20-C19 1 2 3 .8 1 (3A)
03-C28 1 . A20(5) N3-C20-C21 1 1 2 .6 2 (2 9 )
0A-C21 1.A11(A) Cl 1 -S1-C 12 1 0 2 .0 2 (1 7 ) C19-C20-C21 1 2 3 .5 5 (3 2 )
0A-C29 1 .A 2 1 (5 ) C15-S2-C16 1 0 2 .3 0 (1 9 ) 0A-C21-05 1 0 6 .0 6 (2 5 )
05-C21 1.A53(A) C13-01-C1A 1 1 1 .0A(32 ) 0A-C21-C20 1 0 9 .7 2 (2 8 )
05-C30 1.A38(A) C6-02-C27 1 0 7 .1 7 (2 8 ) 0A-C21-C22 1 1 1 .0 6 (2 6 )
N l-C l 1 . 3A2( A) C6-03-C28 1 0 7 .2 0 (2 6 ) 05-C21-C20 1 0 8 .8 3 (2 6 )
N1-C5 1 .3 3 9 (A ) C21-0A-C29 10A.3A(28) 05-C21-C22 1 0 9 .8 1 (2 8 )
N2-C7 1 .3 5 2 (A ) C21-05-C30 1 0 9 .A0(28) C20-C21-C22 1 1 1 .2 1 (2 6 )
N2-C11 1 .3 3 1 (A ) C1-N1-C5 1 1 6 .8 1 (2 9 ) NA-C22-C21 1 1 3 .2 9 (3 0 )
N3-C16 1 . 33A( A) C7-N2-C11 1 1 7 .8 2 (2 9 ) NA-C22-C23 1 2 3 .1 0 (3 1 )
N3-C20 1 . 3A8( A) C16-N3-C20 1 1 7 .5 0 (3 0 ) C21-C22-C23 1 2 3 .6 1 (3 0 )
NA-C22 1 .3 3 9 (A ) C22-NA-C26 1 1 7 .8 7 (2 9 ) C22-C23-C2A 1 1 8 .6 2 (3 2 )
NA-C26 1 .3 3 3 (A ) N1-C1-C2 1 2 3 .A1(30 ) C23-C2A-C25 1 1 8 .6 2 (3A)
C1-C2 1 .3 9 9 (5 ) N1-C1-C26 1 1 5 .7 5 (2 9 ) C2A-C25-C26 119 .A 3(33 )
C1-C26 1 .5 0 5 (5 ) C2-C1-C26 1 2 0 .7 6 (3 1 ) NA-C26-C1 1 1 5 .8 6 (2 9 )
C2-C3 1 .3 6 5 (5 ) C1-C2-C3 1 1 7 .7 9 (3 2 ) NA-C26-C25 1 2 2 .2 3 (3 1 )
C3-CA 1 .3 7 9 (5 ) C2-C3-CA 1 2 0 .2 9 (3 3 ) C1-C26-C25 1 2 1 .7 9 (3 1 )
CA-C5 1 .3 8 5 (5 ) C3-CA-C5 1 1 7 .9 5 (3 2 ) 02-C27-C28 1 0 6 .2 0 (3 6 )
C5-C6 1 .5 2 2 (5 ) N1-C5-CA 1 2 3 .6 9 (3 1 ) 03-C28-C27 1 0 6 .1 1 (3 2 )
C6-C7 1 .5 2 6 (5 ) N1-C5-C6 1 1 3 .0 7 (3 0 ) 0A-C29-C30 1 0 6 .7A(3 2)
C7-C8 1 .3 6 9 (5 ) CA-C5-C6 1 2 3 .2 3 (3 0 ) 05-C30-C29 1 0 1 .7 8 (3 1 )
C8-C9 1 .3 6A (6 ) 02 -C6-03 107.A 2(2A)
C9-C10 1 .3 8 1 (6 ) 02-C6-C5 1 0 9 .9 8 (2 7 )
C10-C11 1 .3 7A (5 ) 02-C6-C7 1 0 9 .0 1 (2 6 )
C12-C13 1 .5 2 6 (6 ) 03-C6-C5 1 1 0 .7 2 (2 6 )
C1A-C15 1 .5 3 2 (6 ) 03-C6-C7 1 0 9 .7 5 (2 7 )
C16-C17 1 .3 9 9 (5 ) C5-C6-C7 1 0 9 .9 1 (2 6 )
C17-C18 1 .3 6 8 (6 ) N2-C7-C6 1 1 2 .8 9 (2 8 )
C18-C19 1 .3 8 3 (5 ) N2-C7-C8 1 2 2 .6 5 (3 2 )
C19-C20 1 .3 7 5 (5 ) C6-C7-C8 12A. AA(31)
C20-C21 1 .5 2 5 (5 ) C7-C8-C9 1 1 7 .3 5 (3 6 )
C21-C22 1 .5 3 0 (5 ) C8-C9-C10 1 2 2 .0 8 (3 7 )
C22-C23 1 .3 8 0 (5 ) C9-C10-C11 1 1 6 .0 6 (3 6 )
C23-C2A 1 .3 8 A (5 ) S1-C11-N2 1 1 8 .7 9 (2 7 )
C2A-C25 1 ,3 6 9 (5 ) S1-C11-C10 1 1 7 .3 2 (2 9 )
C25-C26 1 .3 9 0 (5 ) N2"C11-C10 1 2 3 .8 9 (3 3 )
C27-C28 1.A A 8(6 ) S1-C12-C13 1 1 3 .A 7{31 )
C29-C30 1 .5 3 2 ( 6 ) 01-C13-C12 1 0 8 .1 3 (3 2 )
Table VIII. Crystal Data and Coordinates of Nonhydrogen Atoms for 5.
C H N 0 S ,  MW=588.7, m o n o c l in ic  space group P2 / c ,  a = 1 3 .A 8 0 (2 ) ,  ou 2o 4 5 2 1
b = 1 3 .8 5 4 ( 4 ) ,  c = 1 6 .3 8 7 (6 )A ,  3 = 1 0 6 . 7 7 ( 2 ) ° ,  Z=4, D =1 .334g  cm j 3 
— c
y(MoK^)=2.17cm \  R=0.046 f o r  2136 observed d a ta .
Atom X y z
SI 0.6614(1) 0 .1074(1) 1.0032(1)
S2 1.0847(1) 0 .3617(2) 1.1089(1)
01 0.0880(4) 0.2176(4) 1.0414(3)
02 0 .4952(3) 0.2019(3) 0.6720(3)
03 0.5808(3) 0.0990(3) 0.6056(3)
04 1.2554(3) 0 .2685(3) 0.8004(3)
OS 1.3154(3) 0 .1932(3) 0 .9295(3)
HI 0.7717(3) 0 .1671(4) 0 .7302(3)
N2 0.6170(4) 0.1144(4) 0 .8327(3)
N3 1.1653(3) 0.3121(4) 0 .9835(3)
N4 1.0438(3) 0.2186(3) 0.9112(3)
Cl 0 .8578(4) 0.2209(5) 0 .7566(4)
C2 0.657'i (4) 0 .3219(5) 0 .7578(4)
C3 0.7634(5) 0 .3673(5) 0.7323(4)
C4 0.6731(5) 0 .3142(5) 0.7074(4)
C5 0.6813(5) 0.2145(5) 0.7076(4)
C6 0.5878(4) 0 .1476(5) 0.6830(4)
C7 0.5961(4) 0 .0738(4) 0.7S45(4)
CB 0.5852(6) -0 .0 2 30 (5 ) 0 .7419(5)
C9 0.5952(7) -0 .0804 (6 ) 0.8120(6)
C10 0 .6219(7) -0 .0427 (6 ) 0.8934(5)
Atom X y z
C ll 0 .6303(5) 0.0561(6) 0.8994(4)
C12 0.7053(6) 0 .2260(6) 0.9854(5)
C13 0.8086(5) 0.2257(6) 0.9647(5)
C14 0.9037(6) 0.1981(7) 1.0262(5)
C15 1.0706(4) 0 .2328(6) 1.1034(4)
C16 1.1384(5) 0 .3862(5) 1.0246(4)
C17 1.1486(6) 0.4822(5) 1.0017(6)
C18 1.1904(7) 0.5005(6) 0.9365(5)
C19 1.2184(5) 0.4248(5) 0.8928(4)
C20 1.2037(4) 0.3325(4) 0 .9181(4)
C21 1.2263(4) 0.2422(5) 0 .8734(4)
C22 1.1330(4) 0.1741(4) 0 .8503(3)
C23 1.1396(5) 0.0766(5) 0 .8682(4)
C24 1.0504(5) 0.0214(5) 0.8424(5)
C25 0.9586(4) 0.0665(5) 0.8033(4)
C26 0.9575(4) 0.1657(4) 0.7902(4)
C27 0.4233(6) 0.1661(8) 0.5993(5)
C2B 0.4027(7) 0.1222(7) 0.5483(5)
C29 1.3229(6) 0.1934(7) 0.7908(5)
C30 1.3816(5) 0 .1594(6) 0.8807(5)
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co-cn 2 .2 73 (1  ) C8-C9 1 .3 7 7 (7 ) Cl 1-S1-C12 1 0 5 .0 8 (2 6 )
CO-C12 2 .2 5 7 (1 ) C9-C10 1 .3 8 4 (8 ) C15-S2-C16 1 0 0 .9 9 (2 5 )
Co-02 2 .4 0 4 ( 3 ) C10-C11 1 .3 9 5 ( 7 ) C13-01-C14 1 1 3 .2 4 (4 2 )
Co-04 2 .8 6 8 (3 ) C12-C13 1 .5 0 1 (8 ) C6-02-C27 1 0 5 .9 6 (3 4 )
Co-Nl 2 .0 7 2 ( 4 ) C14-C15 1 .5 0 6 (8 ) C6-03-C28 1 0 7 .7 8 (3 4 )
Co-N4 2 .1 3 6 ( 4 ) C16-C17 1 .3 7 0 (8 ) C21-04-C29 1 0 6 .6 1 (3 8 )
S I -C l  1 1 .7 5 4 (6 ) C17-C18 1 .3 7 1 (8 ) C21-05-C30 1 0 6 .5 5 (3 9 )
S1-C12 1 .8 1 6 (6 ) C18-C19 1 .4 0 3 (8 ) C1-N1-C5 1 1 9 .7 2 (4 0 )
S2-C15 1 .7 8 7 ( 6 ) C19-C20 1 .3 7 1 (7 ) C7-N?-C11 1 1 6 .4 6 (4 3 )
S2-C16 1 .7 8 0 (6 ) C20-C21 1 .5 2 0 (7 ) C16-N3-C20 1 1 7 .2 2 (4 5 )
01-C13 1 .4 2 8 ( 7 ) C21-C22 1 .5 3 2 (7 ) C22-N4-C26 1 1 8 .9 8 (3 9 )
01-C14 1 .4 3 3 (7 ) C22-C23 1 .3 8 8 ( 6 ) N1-C1-C2 1 2 0 .9 9 (4 4 )
02-C6 1 .4 1 7 (5 ) C23-C24 1 .3 6 9 (7 ) N1-C1-C26 1 1 6 .2 0 (4 0 )
02-C27 1 .4 5 4 (5 ) C24-C25 1 .3 7 2 (7 ) C2-C1-C26 1 2 2 .8 1 (4 2 )
03-C6 1 .4 1 6 (5 ) C25-C26 1 .3 9 0 (7 ) C1-C2-C3 1 1 9 .0 5 (4 4 )
03-C28 1 .4 4 8 (6 ) C27-C28 1 .4 9 4 (7 ) C2-C3-C4 1 1 9 .7 5 (4 5 )
04-C21 1 .4 0 7 ( 6 ) C29-C30 1 .4 9 6 (8 ) C3-C4-C5 1 1 8 .7 6 (4 7 )
04-C29 1 .4 2 7 (6 ) N1-C5-C4 1 2 1 .7 3 (4 4 )
05-C21 1 .4 2 0 ( 6 ) N1-C5-C6 1 1 8 .7 9 (4 1 )
05-C30 1 .4 3 1 (7 ) Atoms O C4-C5-C6 1 1 9 .4 0 (4 5 )
N1-C1 1 .3 5 2 (5 ) 02 -C6-03 1 0 7 .7 5 (3 5 )
N1-C5 1 .3 3 9 ( 6 ) C11-CO-C12 1 3 7 .6 1 (6 ) 02-C6-C5 1 0 8 .5 8 (3 8 )
N2-C7 1 .3 5 2 (6 ) Cl 1-Co-02 8 5 .7 1 ( 8 ) 02-C6-C7 1 1 0 .2 7 (3 7 )
N2-C11 1 .3 3 7 (6 ) Cl 1-Co-04 7 8 .0 1 ( 7 ) 03-C6-C5 1 0 8 .0 5 (3 8 )
N3-C16 1 .3 5 2 ( 6 ) C11-CO-N1 1 0 3 .6 1 (1 1 ) 03-C6-C7 1 1 0 .2 2 (3 8 )
N3-C20 1 .3 2 3 ( 6 ) C l1-Co-N4 1 0 2 .0 4 (1 1 ) C5-C6-C7 1 1 1 .8 4 (3 7 )
N4-C22 1 .3 4 6 (6 ) C l2 -C o-02 8 6 .5 3 ( 8 ) N2-C7-C6 1 1 3 .9 2 (4 0 )
N4-C26 1 .3 6 7 (6 ) C12-Co-04 8 3 .4 4 ( 8 ) N2-C7-C8 1 2 4 .2 2 (4 5 )
C1-C2 1 .3 9 0 (7 ) C12-Co-N1 1 1 3 .1 2 (1 1 ) C6-C7-C8 1 2 1 .6 1 (4 5 )
C1-C26 1 .4 7 2 (7 ) C12-CO-N4 1 0 4 .8 4 (1 1 ) C7-C8-C9 1 1 8 .3 0 (4 9 )
C2-C3 1 .3 7 9 (7 ) 02 -C o -04 1 4 2 .6 0 (1 0 ) C8-C9-C10 1 1 9 .4 5 (4 8 )
C3-C4 1 .3 7 9 (7 ) 02-Co-NI 7 1 .4 7 ( 1 2 ) C9-C10-C11 1 1 8 .1 4 (4 9 )
C4-C5 1 (3 8 8 (7 ) 02-Co-N4 1 5 0 .7 1 (1 3 ) S1-C11-N2 1 2 0 .5 0 (4 1 )
C5-C6 1 .5 2 5 (7 ) 04-Co-N I 1 4 5 .0 0 (1 2 ) S1-C11 -CIO 1 1 6 .0 7 (4 2 )
C6-C7 1 .5 2 7 (7 ) 04-C0-N4 6 6 .4 5 ( 1 2 ) N2-C11-C10 1 2 3 .3 9 (5 0 )




01-C13-C12 1 1 2 .2 2 (4 9 )
01-C14-C15 108.37  (45 )
S2-C15-C14 1 H .  1 2 (42 )
S2-C16-N3 1 1 7 .2 7 (4 1 )
S2-C16-C17 1 1 9 .4 0 (4 4 )
N3-C16-C17 1 2 3 .3 3 (5 2 )
C16-C17-C18 1 1 8 .6 4 (5 3 )
C17-C18-C19 1 1 8 .8 4 (5 7 )
C18-C19-C20 1 1 8 .1 0 (5 2 )
N3-C20-C19 1 2 3 .7 9 (5 0 )
N3-C20-C21 1 1 5 .0 9 (4 3 )
C19-C20-C21 1 2 1 .1 2 (4 7 )
04-C21-05  1 0 6 .0 8 (3 7 )
04-C21-C20 1 1 0 .1 7 (3 9 )
04-C21-C22 1 1 1 .4 5 (3 9 )
05-C21-C20 1 0 8 .4 9 (3 9 )
05-C21-C22 1 1 0 .0 3 (3 9 )
C20-C21-C22 1 1 0 .4 9 (3 9 )
N4-C22-C21 1 1 6 .8 3 (4 0 )
N4-C22-C23 1 2 1 .7 2 (4 4 )
C21-C22-C23 1 2 1 .4 0 (4 4 )
C22-C23-C24 1 1 9 .4 9 (4 7 )
C23-C24-C25 1 1 9 .1 7 (4 6 )
C24-C25-C26 1 2 0 .2 0 (4 8 )
N4-C26-C1 1 1 6 .6 9 (3 9 )
N4-C26-C25 1 2 0 .3 3 (4 6 )
C1-C26-C25 1 2 2 .9 8 (4 5 )
02-C27-C28 1 0 1 .9 9 (3 8 )
03-C28-C27 1 0 3 .3 0 (3 8 )
04-C29-C30 1 0 6 .2 5 (4 5 )
05-C30-C29 1 0 4 .7 1 (4 5 )
Table X. Crystal Data and Coordinates of Nonhydrogen Atoms for 9.
2H2 8 \ ° 5 ^ 2 ’ t r i c l i n i c  space group P I ,  £ = 1 0 ,8 7 5 (A ) ,
b=11 ,5 0 A (A ) ,  c= 13 .3 8 A (4 )A ,  01=81.50(3) ,  3 = 8 1 .9 8 ( 3 ) ,  7 = 6 6 . 0 6 ( 3 ) ° ,  Z=2, D =1.583g
c
-3  -1
cm ,  p(MoK^)=9.25cm , R=0.039 f o r  2516 observed d a ta .
Atom X y
Co 0.30747(7) 0.15690(7)
Cl 1 0.5000(1) 0.1742(1)
C12 0.2244(1) 0.2177(1)
SI 0.0891(2) -0 .1390 (2 )
52 -0 .2165 (2 ) 0.3367(2)
01 -0 .0537(4 ) 0 .0330(4)
02 0.5122(3) -0 .0 1 57 (3 )
03 0.6729(4) -0 .2129 (3 )
04 0.3046(4) 0.4271(3)
05 0.1666(4) 0 .5705(3)
HI 0.4119(4) -0 .0139 (4 )
N2 0.3304(4) -0 .1500 (4 )
N3 -0 .0067 (4 ) 0 .4079(4)
N4 0.2030(4) 0 .2252(4)
Cl 0 .3656(5) -0 .0032(5 )
C2 0.3013(5) -0 .1109 (5 )
C3 0.4470(6) -0 .2302 (5 )
C4 0.4937(5) -0 .2407 (5 )
C5 0.4743(5) -0 .1 2 99 (5 )
C6 0.5320(5) -0 .1401 (5 )
C7 0.4662(5) -0 .2020(5 )

























0.4716(7) -0 .3286(5 ) 0.5046(5)
0.3321(6) -0 .2837 (5 ) 0.5193(5)
0.2660(6) -0 .1904 (5 ) 0.5921(5)
0.0345(6) -0 .0127(6 ) 0.6061(6)
0 .0338(7) -0 .0620(6 ) 0.7962(6)
0.0076(6) 0.1134(6) 0.0039(5)
-0 .1006 (6 ) 0.2251(6) 0.9325(5)
-0 .1146 (6 ) 0.4130(5) 0.7765(5)
-0 .1487 (6 ) 0.4765(6) 0.6028(5)
-0 .0721(7 ) 0 .5396(6) 0.6310(5)
0 .0412(6) 0.5332(6) 0.6741(5)
0 .0609(6) 0.4653(5) 0.7672(4)
0.1916(5) 0 .4516(5) 0.8176(4)
0.2107(5) 0 .3466(5) 0.9066(4)
0.1730(5) 0.3756(5) 1.0057(4)
0 .1092(6) 0.27B5(6) 1.0019(4)
0.2522(6) 0.1542(6) 1.0509(4)
0.2991(5) 0 .1270(5) 0.9594(4)
0.6363(5) -0 .0206(5 ) 0.5771(4)




Like most modern chemical research, this project has 
been guided by the principle that there is a direct 
relationship between molecular structure and chemical 
reactivity. In order to understand, and so be able to 
reproduce, the ion specificity of naturally occurring 
chelating agents, the synthesis of model compounds 1_ and 2_ 
has been undertaken.
X  i
Preparation of _1 demanded the ability to synthesize
two main structural units: the 2 ,2 1-dipyridine unit and the
2-pyridyl ketone unit. Both were accessible by way of
17pyridyllithium species, which could be generated at
-70°C under an inert atmosphere. Because 2,6 -dibromopy-
16 17ridine will undergo only monolithiation in Et 2 0 , '
sequential displacement of the bromines was possible. This 
permitted the construction of unsymmetrically substituted 
pyridines.
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In contrast, 6 , 6 ' -dibromo-2, 2 ' -dipyridine (_3) , 
prepared from 6 -bromo-2 -pyridyllithium by an oxidative 
coupling with CuCl2 , could be dilithiated at -90°C.
Metal exchange with both halogens required approximately 
three equivalents of buLi, probably as a consequence of 
Li+ complexation by the dipyridine. Displacement of the 
bromines under a wide variety of conditions produced 
numerous 6 ,6 '-disubstituted dipyridines.
3 4
Generation of simple ketones such as j4 was accom­
plished with the aid of ethyl chloroformate. Although the 
maximum yield of ketone A_ was on the order of 50%, that 
degree of success could not be achieved consistently. 
Neither could this compound be used in other reactions 
without protection of the carbonyl group. Both acid- and 
base-catalyzed ketalizations were employed, the former 
being far preferable to the latter on a number of accounts.
Introduction of a carbonyl onto the dipyridine nucleus 
was attempted by two principal routes: (1 ) addition to
cyano compounds and (2) addition to esters. Addition of a 
pyridyllithium to the cyano group was so slow at the
necessarily low reaction temperatures that the substrate 
was usually recovered almost quantitatively. The esters 
proved to be much more amenable to this procedure; diketone
_5 was formed in 78% yield by the reaction of 6-bromo-2-pyr- 
idyllithium with diethyl 2 ,2 1-dipyridine-6 ,6 '-dicarbox- 
ylate. Eventually, most of the dicyano compound that had 
been prepared was converted to the ester by acid-catalyzed 
alcoholysis. Protection of diketone 5̂ was also necessary, 
and the same procedure used for £ was employed to give J5.
In all attempts to prepare _1, a preformed dipyridino 
group was used. All attempts failed. X-ray diffraction 
experiments on show that in the solid state the dipyr­
idino moiety is in an absolutely anti conformation.
NMR studies of 6_ at 20 °C confirm that the anti conformation 
predominates in solution as well. Thus, cyclization of J5 
with ethyl chloroformate or any other reaction that 
required a syn disposition of the dipyridine at low temper­
ature (-70 to -90°C) was doomed.
5 6
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Furthermore, the notion that addition of a pyridyl- 
lithium species to an electrophile is a rapid process 
should be dispelled. Only when the low-temperature reac­
tions were permitted to continue for a period of several 
days did significant amounts of the desired products form.
The preparation of coronands from 2,2-bis (6 1-bromo-21 - 
pyridyl)- 1 ,3-dioxolane (_7) was a more satsifying venture. 
Although each reaction generated a number of products that 
were fiendishly difficult to separate, several interesting 
observations were made in the course of this project. The 
presence of an electronegative atom immediately adjacent to 
the pyridine rings was determined to preclude the formation 
of transition metal complexes. However, several of the 
coronands were found to complex neutral molecules: H^O
and CHC13 . Comparison of the X-ray crystal structure of 
a coronand which formed such a neutral component complex 
with that of one which did not suggested that a combination
/— v HO H
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of polyether conformation and the inherent spacing engen­
dered by the heteroaromatic group governed the outcome.
When the attempt was made to prepare ketone coronands 
directly from _4, a new reaction of electron-poor aromatic 
ketones was discovered. Base-induced decarbonylation under 
mild reaction conditions was found to occur for those 
ketones which possessed electron-withdrawing groups on both 
sides of the carbonyl. Only aromatic substrates were 
tested, but it is not necessarily the case that only they 
decarbonylate.
Macrocycles which would complex transition metal ions 
were the goal of this research. In pursuit of that, 
preparation of macrocycles 8  ̂was essayed. Unfortunately, 
the photosensitivity of the parent ketone and the
susceptibility of the ketal to deprotection in the course 
of functionalization rendered this yet another piece of 
unfinished work.
From the debacle of a-methyl halogenation did arise 
some fascinating results. The ketals (j) and JJD) prepared 




H H Me Me
9 10
complexing agents. In addition, their mode of action was 
most unusual: in all cases observed, one of the ketal 
oxygens participated in binding with the metal. For the 
most part, this interaction was relatively weak; but in the 
complex of 1_0 with Ni(II), the ketal behaved as a 
tridentate ligand.
Coronands of diketal £  were prepared in excellent 
yield. Why these compounds should form so easily when the 
the monoketals would not is still a mystery. Based upon 
study of the NMR spectra of the respective compounds, 
no significant differences in the electron density of the 
reaction sites could be ascertained. Thus, the difference 
may be attributable to the ability of to assume a larger 
number of conformations favorable to cyclization.
The X-ray crystal structure of the thioether coronand 
of 6 and its cobalt (II) complex demonstrated that the same 
conformational preferences of the ketal assembly observed 
for the monoketals was embraced by the diketals. The metal 
complex exhibited medium range interactions of both ketals 
with the cobalt.
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Macrocyclic pyridyl ketals and ketones have proved to 
be a source of both frustration and joy. The chemistry of 
these compounds has been probed only superficially, but the 
ketals especially promise to be important participants in 
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